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PEE PACE. 


, , is designed as a text-book of Antronomy 

suited to the general course in our colleges and schools of 
scionoo, and is meant to supply that amount of infomation 
upon the .subject which may fairly bo expected of every 
“liberally educated” person. While it assumes the jirevious 
discipline and mental maturity usually oorrespouding to the 
latter years of the college course, it does not demand the 
peculiar mathematical training and aptitude necessary as the 
- . a ap.eoial course in the^ science — oniy the most ele- 

mentary knowledge of Algebra, Geoanetry, and Trigoiroanetry. 
is required for its reading. Its aim is to give a clear, accu- 
rate, and justly proportioned presentation of astronomical 
facts, principles, and auethods in such a form that they can 
bo easily apprehended by the average college student with a 
reasonable amount of ojjiort. 

The limftations of time are such in our college course that 

for . a class to 

Mte'llidrpughiy ev^ in the feok. The fine j^rint is to 

bo regarded rather as collateral reading, important to any- 
thing like a complete view of the subject, but not ossontial to 
the course. Some of the chapters can even bo omitted in 
l^liMAyhoro it is found necessary to abridge the course as 
much as possible i e.^., the chapters on Instruments and on 
Perturbations. . 

While the Avork is no mere compilation, it makes no olalma 
'to special originality : information and help have been drawn ' 
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: , The present work is doBigncd m a tuxt-book of Astronomy 
suited to the general oourso in our colleges and schools of 
scionoe, and is meant to supply that amount of information 
upon tho subject which may fairly be expected of every 
‘Uiborally ediioatecl’^ person. While it assumes the previous 
clisciplino and mental maturity iisually corresponding to the 
latter years of tho college course, it docs not demand the 
peculiar mathematical training and aptitude necessary as the 
A)Ml|,;()if;;;a,,i9p$oiaZ course in tlieascionco — only tlio most ele- 
mentary knowledge of Algebra, (roometry, and Trigonometry 
is reqnived for its reading. Ite aim is to give a clear, accu- 
rate, and justly proportioned presentation of astronomical 
facts, principles, and methods in such a form that they can 
1)0 easily apprehended by the average college student with a 
reasonable amount of effort. 

•The limftations of time are such in our college course that 
■proba bl y it; will' not bo pusrible iuj Oiost oases for a class to 
Mke’IH6rG%h^^ in the book. The fine print is to 

ho regarded rather as collateral reading, important to any- 
thing like a complete view of tho subject, but not essential to 
the oourso. Some of the chapters can even bo omitted in 
li^Kere it is found necessary to abridge tho oourso as 
much as possible ^ the ehapteirs on Instruments and on 
Perturbations. . 

While the work is no mere compilation, it makes no claims 
to special originality: information and help have been drawn/; 
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from all available aources. The aiitbor is under great: obliga- 
tions to the astronomical historioa of Grant and Wolf, and 
especially to Miss Olorlce’s admiralilo “ History of Astronomy in 
the Ninetoouth Oontuiy,” Many data also have been drawn 
from Ilonzeau’s valuable “Wade Meoum do l*Astronome.” 

It has been intended to bring the book well down to date, 
and to indicate to the student the souices of information on 
subjects which are necessarily hero treated inadequately on 
account of the limitations of time and space. 

Special acknowledgments are due to Professor Langley and 
to his publishers, Messis. Tioknor & Co., for the use of a 
number of illustrations fronijiis beautiful book, “The New 
Astronomy ” j and also to D Appleton & Co. for the use of 
several outs fiom the author’s little book on the Sun. Pro- 
fessor Trowbiidge of Cambiidge kindly piovided the original 
negative from which was made the out illustrating tlio com- 
parison of the spectrum of iron with that of the sun. Warner 
& Swasey of Cleveland and Pauth & Co. of Washington have 
also furnished the engravings of a number of astronomical 
instruments. 

Professors Todd, Emomon, Upton, and McNeill liave given 
most valuable assistance and suggestions in the revision of the 
proof 5 as indeed, in haidly a loss degree, have seveml others. 

The author will consider it a gioat favor if those who may 
use the book will kindly comnunucate to him, either directly 
or through the publishers, any errata, in order that they 
may be promptly coirecfced 

Prinokton^N Aiiguat, 1888 

Note — In this Isaiio of the book all the imiiortant errata known to exist la 
previous InipresBiotis liave been corrected, and a number of notes h^e been pre 
fixed, embodying recent important discoveries* 
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ADDENDA. 


NOTKS ON UKOKNT OUSKUVATIONS AND DL'ICOVEIUES. 


Ill tlio text, nrlitileH to whioti tlioKo iiotus roliilu luivu ti daggur (!) prolixod to iholt 
(lostgtmUiig imiabor« 


Aivi\ 108. ObRtu’vationfi imuh during Hu* lasli throw yiumt at 
variouH ICuvopeaii stations, oombinod with' obsorvatiotis in tliis 
oouiitry and at Itonolulu, luivo osttddisluHl bt^yond (jUGstion tlio 
i’aot that during a yoar tho latitiulos of all idmu^s roally oHoillato 
to the oxtont of mnirly half a Htuioud of itro, Tlio axis of tlio earth 
ohangoa its position within tlm globe, ho tliat the pole of the 
earth (at present) doseribes api»voxiniatidy a (tirele fiO or (10 feet 
in diameter in. a period of about .14 mouths. Ihit the iuvpRtigtir 
tions of Chandler show tluit the range and jieriod of tliis motion 
of the pole are pvobaldy liotli of them variable to a considerable 
extent, — as might be expeeted, While the per/W/w/ variation of 
latitudes has thus been i^stablislied as an obsiu’ved fuet, tlie question 
of a progressive, se(?nlar, variation rmnains unset tied. 

Ajit. 288. In 1880 BumSr in 8wodeu made an adinirablo SGrioa 
of speotroscopic doiorminatious of the displacomont of tho Frainv 
hofor lines at tho oastorn and western edges of tho sun, and tlie 
results miVQ not in nccovdaiico with those obtained by Mr, (jrow 
(note, p. 179), but complotely confirm tho roooivod laws of equa- 
torial aoocloration (Art. 284)* They give, howovor, a little slower 
rate of rotation than do tlio observations of tho spots, — about 25i' 
days at tho sun^s oquatdr, instead of 2B.U. 

3J6. Tho rofloarehes of Kowland have greatly inoron sod tlio 
* number of elements veutognized as present in tlm sum In 1890 
ho gave tim following list of 80, whose prosonee lio regardppi^i 
certainly established, and it is probable tliat a How more will 
mately bo added. /I'he eleinonts are an*angod in the list aoeor(11:i|ij|i 
to the intensity of the darlc lines by whinh tlioy are ropresqiji^tlftS 
tho solar speotrum, wliile the appended Hgnres denote felrc; 
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659* 111 1880 Sohiaparolli, tho Italiaii astronoinor, annouiinoil 

ho had discovorod certain xiormanGnt markings upon the sur- 
of Miiroury, and that from thorn ho had asoortainkl that Ih^ 
^^Kinet voialen on Us axis only once during Us orbital ^miod of 88 days; 
^ ^ keoxia tho saino face always turned towards tho sun, behaving, iu 
^Uis rGs.x)oct, just as tho moon does towards tho oarth. Owing to 
ecocntricity of tho orbit, however, the xdanct has a large Mihni- 
^ion'^ (Ark 250), amounting to nearly on each side of the moan 
Position ] >50011 from a favorable position on tho plauct^s siivfann, 

sun, instead of rising and sotting daily, as with us, would oacib 
about 47® back and fortli in tho sky, every 88 days. This 
^^^aerted discovery is oxtrenndy important, and has oxcitod groat 
^^^terost: it still waits conlirmatidu by other astronomers, as the 
^t^aervations are very difiloult^ but there is little doubt that it la 
^oi^reot. 

fi70. ychiiiparolli has nob boon able to determine with certainty 
lilio rotation of Vonus y but his observations are sufficiont to show 
tilisxt tho period of Sohroeter given in tho text (2<'^ 21”^) is unquos* 
tiionably wrong, and that the planet probably rotates, like Mercury, 
only oiloo in an orbital revolution; keoinng the same face always 
tio wards tho sum 

693. .On Jan. I, 18i)8, the immher of asteroids discovered 
WEis 346. .During J.892 a new m(4ihod of scarcli was employed. 
T^y pliotograidnng a xiortion of tlie heavens with a camera of wide 
Hold, in nun tod equatorially and moved by olook-work, pictures are 
ol^timnud iu whieluiiiy planets present can lie easily dis bin guishad 
lyy fchoir motion during tho two or tliroo hours during whicli the 
ti>c: 3 JOsm'e of the jilate is continued; while tlio images of .s‘/r/)ware 
roviiid, if tho clock-work runs correctly, the idaiiets arc apparently 
oloiigatod, Wolf of XbudellKirg and Chavlois of Nice have been 
3 j^ociiilly Slice, ossfnl in tliis method oi' discovery. 


621 . On Sept, i), ’I8i)2, Mr. Ihiniard at tlie Liok Gbaerva^v 
t;ol^y cllfloovercd a iiftli satellite of ♦Tnpitor. 

Xt is extremely snudl, certainly not exceeding a Inmdved. ntiloft'; 
ill. clianioter, and so near the planet that it is exceedingly diniolilt • 
jvB Hr toloscoj)ie object, — quite beyond tho possibility of obs6ljV%; 
by any instruments of less tlian :1.8 or 20 inohos aportvjifiji.f 
distance of the sntellite from tho pilanet^s enntro ' is i’ rtboiiilj 
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iincl (^juno Yv.vy lu^ui* th{\ (uii'tli, and, to LuxtilPB (jalcnln- 

fcions, was tlion moving in an orbit with a period of only five and a 
half years ; but it was never •seen again. Itn failure to reappear^ in 
1YY6, was cfiaily aoeounted for by the fact that its orbit did not then 
bring it near the earth. But it should have reappeared in 1Y81, and 
for a long time its diBappoai'anco wius very mysterioiis, until La Blace, 
some years later, showed that, in 1YY9, the comet innst have come 
very close indeed to Jupiter, perhaps as close tis some of its sateb 
lites, and that in oonsoquenoo tho attraotlon of that planet hod 
probably sent it into a new orbit, not visible from the earth. 

More recent investigations by Lovorrior, some years ago, slmw 
that while the data are iusuinciont to dotormino the oomet^s subse- 
quent orbit with (Certainty, one of tluV ^maible or!)itH would have had 
a period a little less than twenty-seven yt^avs. This would bring it 
back, in 1880, after four revolutions, to tho same place wlilch it hail 
ooQupiod in lYYOj now nine of Jupiter’s periods are lOOi}^ yoara, so 
that he, also, would have roturnpd to tlui same place. 

To nmko a long story short, Mr. Chandler sliows tlmt It is 
extremely probable that lirooks’s comet, 1889 V, is identieal with 
LexolVa comet of lYYO; Jupittn* ilrst transformed its orbit from a 
parabola to an ellipse, with a period of live and a half years ; then 
removed it from o\U’ sphere of observation; and again, aftiu' a 
century or more, has bronglib it back to us, What will liappeu at 
tho next cnoounbor of tho coinot wltli tho planet it is not yet ijos- 
eiblo to predict. 

746, On Nov. UMd, 189L^ a sliower of Biolids occurred some- 
what less brilliant tlian tliat of 18815, but suflicionbly juarkocl, it 
woa GBbbnated that about 80,000 wero visible at PrlnoQton betweoji 
Y,Sd P.M. and midnl Tlie radiant waa noaily at tlio eanic 
point as in 188/5;, but the Jueteorio ‘swarm’ enconntm'oel could 
luirdly have boon tho same wliicli the {lartli pasHod tlirough at that 
time, since the period of Hindi n swariu, moving' in Biela’s orbit, 
would be about six years and seven niontlm, and the sliower cann^ 
on tliG 28d iusbuid of the 28tli (d’ the month. Not improbiihly the 
materials of the t^niieb are now disiiersed into several distinct 
swarms, or perliaps evmi soiuebliliig like a coiibimionB ring extend- 
ing around a largo part of tho oireiimfori)nci) of tlio orbit, 

837 and 8fil, Tim eclipao theory of tlio rhango of briglitnesB in 
curtain variable stars has lately recoivod a striking (undirmabion 
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fiom the speotioscoi^ic work of Vogel, who has loxmd by tho moLhod 
nulioated in Art 802 that about twelve oi eighteen hours botore iha 
obscuration, Algol is reoediiig fiom us at tlie rate of nearly twenty- 
seven miles a second, while after the miminiim it approaches us at 
the same rate* This is just what it ought to do, if it had a large, 
dai'k companion, and the two weie revolving around their common 
centre of gravity in an orbit nearly edgewise to the earth* When » 
the dark star is rushing forward to interpose itself between ns mul 
Algol, Algol itself must be moving backwards, and vice versa when 
the dark star is receding after the eclipse VogePs conclusions are, 
that the distance of the dark star from A.lgol la about 3,260000 
miles 5 that their diameters are respectively about 840,000 and 
1,060000 miles ; that tlieir united mass is about two-thirds that of 
the aiinj and their density about one-fifth that of the sun, —not 
miioh greatei than that of cork* 

ITiirtherinoie, from tho variations in the obsoivod period of tiro 
star, alluded to rii Art 848, combined w^ith certain minute irregu- 
larities m rts < proper motion,^ Chandler has shown almost beyond 
doubt that this swiftly-moving pair is itself revolving arouiul 
another distant and invisible star in an oibit about as large as tliat 
of Uranus, with a period of about 130 years* 

Theie are other variables of the Algol type which show syinp- 
toma of a similar effect, — V Cygni and \ Tauii ospeoially, 

842 646 » ^ twelfth «Nova^^ appeared in the 

(lOhstelUrtiou of Amiga, i.bmh nt its bnghtest, about Feb 6tli, was 
i\ St Li ol tim U iiijigiiituilii lU s[ir» tunn was very peculiar, show- 
ing a greit mnnbtii mI bngbi liiius, os pt cially those ol Tlydiogon 
laiJ w^th tliniu Wiv (Ink ut Llio same subsianoos Tlio 
blight * 111(1 daik liiit-b VOIP b'* 1. 1 d iclativoly to eacli other as 

to sliijv tliiit rlu,^ \ tur fi,rb, dm to at least tivo difforcnl 
maaStS of glib, 111 svitr i^^lativu inuti-iii at the late of something like' 
OiiO iiiihs fi -- tlio biiglit Inn’ mass receding from wh, 

nild the Othc^l u]i[»UnM lilli^ 

liL tlie niitumri tlm stfli whn h hfi'l Mink to the 11th magniincle, 
again LitigliMiMd up tu abour rliu uMi, and now the spootrnm wns 
touiid til bt- aliiiO“<t if not ai'biiliitrlv, identical with tliat of n 
pliineUn iihLiiIii, just %\.ib tlir- . with Kova Cygm, of 1870, 

848 * A tenth vanable ot the Algiil type, 32, or S Antlim, disoov-* 
erea by Paul ot Wiibhiugtuii in ISaS, hus a period of only 7‘* 47'^ 
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872, SpaotroBOopio Binaries. Ono of tlio most infcoroRting of 
raoent aBtrqiiomical roflnlbs iff the doliootioii hy tlin apcnbrosoopo of 
several pairs of double stai^ so close that no teloscopo nan Bopavato 
tliQin. In 1889 the bviglifcor compoiiGiit of the woll-known cloublo 
star Mizar (Znta Ursto Majoris, Fig. 220) was found by riekoring to 
show the dark lines double in the photogmplis of Its speotruin/ut 
regular intervals of about lifty-two days. Tho obvious oxidanation 
is tliat this star is oompoaed of two, which revolve around tlioir 
common oentro of gravity in an orbit Avhioh is turned nearly edge- 
wise to 118 . When tlio stains are at right angles to tlio line along 
wldoh we view them, one of tho two will be moving towards us, 
while Jfho oblior la moving in an op^wsite direction} and as ii coiiso- 
quence, tlie lines in their spootra will he shifted oi)po 0 itG ways, 
according bo DoppWa prinoiplo (Art. 821, note), Now aluoo tho 
two stars are so close that their spectra ovorlio oaoli other, tho result 
will be simply to make tlio linos in the compound apeotruni appar- 
mtly double, From the distance apart of tho linos, tlio rolatlvo 
velocity of tlie stars can be found, and from this tlio size of tljo 
orbit and tho mass of the starsi Thus it appears that In the case oC 
Mizar the relative volooity of tho two eompononts is about 100 
miles per aeooiul, tlio period about 104 clays, and the distanoo 
between the two stars about tlio same as tlie diamotor of the orbit 
of Mars; from Avbioli it follows that their united mnss is about 
forty times that of tlio sun. 

This really makes TSUmv nlriple star, the larger of tho two that 
are seen witli a small tolesoopo being the one that is tluis Spectra- 
Booplcally split. 

Tho lines in the spootnini of Beta Aurigee exliiblt tlie soiub 
peouliarity, but the doubling oceui'S^onoo in four days ; the volooity 
being about 160 miles a aoconcl, and the diameter of the orbit about 
8,000000 miles, tho united mass of tho two stars comes out about 
two and a half times that of tlio aun, Those observations 61 Vvo- 
fessor Fiokering^s were made by photographing tlio^spootripn with 
tlie s/WflM spectroscopo (Art, 861), and arc only possible iyliiei'o tlio 
stars wldoh oomposo the binary aro both of them reasonably bright, 

With his sllUpootrosoopo, Vogel, as has already boon Btafcod hi 
the proooding note, has boon able to detect a similar orbital motion 
In Algol, although the companion of the brlghlier star is ttsolf 
invlslblo, Moro rooently, in the case of the bright a tav Alpha VliS 
ginis (Sploa), ho has foniul a result of the same kind. At fireb the 
photograplilo observations of tho spectrum of this star appeared • 



xvi 


ADDENDA. 


veiy clis{’ortlant Some days they iiuliealed that Uio slaj, ’was moving 
toivards us quite rapidly, and then again fi om ns , but it is found 
that everything can bo explained by the simple assumption that iho 
star IS double with a small eompaniou, like that of Algol, not bright 
enough to show itself hy its light, hut heavy enough to make its 
partnoi swing around in an oibit about 0,000000 miles in diameter, 



Kr Roborle^fi eiiologinpU of Uio Kobulfi of AatUomoiln 

onoe in four days. The orbit is not quite edgewise to the onrtli, so 
that the dark companion does not eclipse Spioa, as Algol is eclipsed 
by its attendant Rigel (Beta Orionis) also shows traces of a simi- 
lar' periodic variation, though the observations have not jj'ot been con- 
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long onougli to dotorniino its period. These orbits, of 
very muoh smaller than fchos(3ol‘ most of the telescopio 


886 and 803. Wo present an engraving of the photograph of 
^bula of Andromeda obtained by Mr. Boborts of Liverxioob 
^^iQGmber, 1888, with a twcnty-ineh reflector. It appears that tlici 
^ 4ark lanes ” hitherto .seen as straight, and quite inexplioablo, 
curved ovals, like tho divisions in Saturn’s ring. Tho 
brings out a distinctly annular structure pervading tlio 'wholo 
^^^^l)ula, though not satisfactorily soon by the eye with any exiHtiniff 
^'^lescoxio, and Mr. Robertses photographs show a similar struotuvo ii» 
other nebulm. Huggins has suggested that the small 
on tho right and left of the large one may l)o planets in 
formation, 

Recent idiotographa of Orion made with instriimonts of aliort^ 
Pogus and with a long exposure, show that the whole constellation li* 
^vwoloped in a nebulosity, which for tho most part attaches itself to 
hho principal stars, like tho nebulosity in the lUeiades (Art. 884^- 
^'liG well-known nobula of Orion is only the brightest portion of tlt i m 
iiiconcolvably enormous mass of stellar fog. 


890. Booent i)hotograj)bs of tho spectrum of the nebula of Ori0i:i 
by Huggins and Lookyor show a very considorable^nuinbor pf brijgflife 
liiiGs in the violet and nlbrnAvioloti and some of tlie llnq^ 
also In tho spectrum of tho stars of the « trapezium, showing olGarl^f 
til l at those stars are of tho same material as tho surrounding nobu lll^ 
only more condoiisedt r O' ' ^ .f-''.:'’. 

Burlng tho summer of 1890, ICooler at Uve;;Sl6k 


obsoi'VGcl a numbor oJ! tho planotory iiobuj^' wjiliii'iifcllp^bliiibsdb^^ 
liigh dispersive power, and wns able to,. detSoti ajiiC tt) 
motion of several of them in the lino of 

blioir motion appears to bo of the same order 'a& that Qf fttllfplji; 
blio jiobul® observed giving results ranging from 
forty miles a second, — some appvoaoliing and some ..r^6od||ig, 
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1 . AsTRONOjrv {acrrpov I'o/*®?) I'*'® Bclenco whicth of Uin 

liuivv*il.v boilios. Ah such ItodioH wo I’ockou the Him and moon, thu 
planets (of whicli the eavth is, one) and thoiv sutollitoa, comotn and 
meteors, and flimlly tl»o stars and nobulan 
AVo have to oonsklor in Astronomy : — ' 

(a) The motions of these bodies, Itotli real and nppai’ont, mid tlio 
laws which govern these motions. 

(&) Their forms, dimensions, and massos. 

(o) Their nature and constitution. 

..wf; (d) Tlio oilCoots they produce upon caeh other by tlinlr attriiotioim, 

radiations, or by any other ascertainable induoiice, 

It was an early, and Ims been a most persistent, belief tiint the 
hoavonly bodies have a powerful inllnonco upon huinaii ftll’airs, so 
that from a knowledge of their positions and “ aspects" nt orltloiil 
moments (as for instance at tlio time of a person’s blrtli) oiio ooiiUI 
draw up a “horoseppo” wliioh would Indicate the probable future. 


/ The jjscudo-sci’cjice which was founded on this belief wna iminpcl 
/ Astrology, — the older sister of Alcliomy, — and for ooutuvies As- 
^ _ trouom^ was astronomloal obsoi'vatlons anti oal* , 

imiiiiiy In order to supply astrological data. 

At present the end and object of nstronorniciil study Is ohiollji'^ 
knowledge pure and^lmplo ; so far as now appears, Its dovolopnWil|i|:i^!S 
has loss direct bearing upon the material Interests of mank|ufliiti|ij(ij(i|fi^ 
4 *; , the natural soioncos. It Is not Ukol^’ 

■" "' inventions and now arts will grow out of Its laws and prlnoiploft, 


as are eontinunlly arising from pliysionl, ohomieiUy 
dlscovorioB, though of course It would bo fnslr:lo; e(iy thn|piij|i|^^ 


dlscoyorioB, though of 
growths are impossiblo, But the student of 
oliief profit to bo Intolleotual, In tlio 
;|#|||(t]lght and conception, in the ploasuro aUoni^ln^ tli® 
siihi^o kW;WoiWng out ttio .most 


siiupto law 


2 


tNTlIOPlTOTTON 


over tliG buant^' aiul ouIgi levealed by the Lolcbcopo iii Hyntoins other- 
wise invisible, in the lecognition of ill e essential unity ol the inuteiial 
universe, and of the kinship between his own mind and the iniinito 
Ueason that foimcd all things and is imninnoni in tho.in 

At the same time it should be said at once tliat, oven fioin the 
lowest point of view, Astionomy is far fiom a uselc'ss scioneo 
a'it of navKfHiion depends foi its voiy possibility upon nstrononneal 
piodictioin Take away fioin mankind Ihoir almanacs, sextants, and 
olnonometcis, and cominoico by sea would piaQlinilly si op* 'File 
science also has nn|)oitant applications in the siirv(‘y of extended 
regions of country, and tlio establishment of lioundaiies, to mi) 
nothing of the accmalo dotcimimitlon of time and tlio aiiaiiujoinont 
of the ealendm 

It need haidly be said that AsLumoiny is not Hcpaiutod fiom Ic ni- 
di ed sc'ionces by shaip boundaiics Tt would bo impoHsiblo, for in- 
stance, to draw a line lietwcen Astionomy on one side and Geology 
and Ph 3 steal Geography on the othoi Mm) pioblonis i elating to 
the formation and constitution of tlic earth belong alike to all three, 

2, Astionomy is divided into many blanches, some of ^\hich, as 
oidiimilly rGCoguiyod, aic the following , — 

1, Descriptive Astronomy, — This, as its name implies, Is 
an orderly statement of astronomical facts and prlnciplos, 

2, Praotioal Asti’onomy — Tins is quite as much an ait as a 
soionoc, and treats of the instiumonts, the methods of observation, 
and the processes of oalculation by whioh astronomical Caots are 

aSCOUrllllLC] 

H Theoretical Astronbmy, \\ hloh ticats of tlio caloulaliops of minis 
and epliLinn^ibh liicluding iln i iToots of so-oallcd portuibations*^' 

1 Meohanical Astronomy, which is aiinph rtiu ap[plionlloii of me- 
uhrniUpU pnnoipks to uX|)biiii aaii muinlonl tacts ^ohie'hMlio [ilnnoLruv 
lOid InmiL Miotloiib) It is eoinetiitios called Ch iii^ilfiftonu/ Asii iinoiuy , 
iK'Oaiwu, With fuw cxcephuiis, ginvitation is Um only foico Suiiblblv 
GoiiCritKd III Iho iiiotloliS ut tliu laa\(sd\ iiodius UiUll niihiii Lliht\ 
\p.ais this blanch ol tin floiLiiOi, wns gi.iiuiallY dcelgnnlefl as PlniAtftil 
Aiitn m^ituty hilt Iho tuiin is now obKctInnnblo bobaiiae of late it haa 
bnen Uf-«d b\ manv wiikis to dLiiutu a \oi y dlffoicnt and coinpnia- 
livuh iKw Inaiioli of til soioiioo , vi/ , — 


INfUnTJUflTiON, 


n 


6. Aatronomioal Physios, or Astro-physios. — TIiIh treats of Ww^ 
pli3'sieal oluirftotdi’iaticB of the licavonly bodios, thoir brii^lifcnoHH and 
Bpectroflcoplo poonllarifcies, tlioir tempemturo aiul nidiatlon^ tliu juU.ni’o 
and condition of thoir atmoBijlioroH and HurfiiooH, and all phomniHMiiL 
which Indicate or deiK3ud on thoir physical condition, 

fi. Spherical Astronomy, — TIiIb, dlnoardin^ all conmderaLUm nf 
absolnto diincnsloiiB and dlstaiiCK^B, trcatB the lichvouly hodiciH simp! v 
as objects moving on the “ Biirfaco of the oclcHllal s[}horc*’ i It him \x> 
do only with angles and directions, and, Htriclly regarded, is In fjud 
merely Snherioal Trigonometry applied to Arttninomy. 

3. Tlio above-named branchcH are imt diHtinot and He[)araLe, bill, 
they overlap in all directions, Hpliorical Aslronoiny, for Instinus*, 
fluds the clomouBtratiou of many of Its fornmlm in (Iravltiitloiinl 
Astronomy, and tlioir application appears tn Thcorcttcul and Vnio- 
tlcal Astronomy, Hnt vabuihla works oxlsli bearing all Llie <lllVuroiili 
titles indioatod above, and It is important for the student to l(imw 
wliab subjQota ho may oxpeot to tind dlHciissed in euchj f( 3 r IIiIh 
reason it 1ms flcomcd worth while i(» nunio and dellue tlio mi vend 
branciiGS, although they do not distribute the Hclcnco between tlimn 
ill any strictly logical and mutually exclusive manner. 

In the presont toxt-boolc little regard will be paid to those sidi- 
dlvlaions, since tho object of tlie work is not to [iroHont a coniiiletc 
and profound dlscuHslon of the subject such m would bo domiuidcd 
hy a profcssloiml astronoinor, hut only to give so nmcli knowledge of 
tlio facts and such an undersUindlng of the principles of tho schmim 
as nmy fairly be uoiiHlderod esHenliul to a liberal ednciUloii. IT IIiIm 
roenU Is gained In tlie.roncler’s onse, it may euslly liappcn that lie will 
wish for more than ho can llnd in Uioho pages, uiul then he must luive 
roGonrao to works of a lilghei- order and far more dlllloult, dealing 
with the subject more in detail and more thoroughly. 

To mastei;, the present hook no rnrlher preparation Ib neccHsury 
than a very elementary knowledge of Algebra, Goonjoiry, and Trlgn- 
nomotry, and a similar acfpialntance with MoehiuilcH luul l^liyelen, 
espcehiUy PpLlcfl. While nothing short of high mathematical iiltnln* 
monta will onalilo one to lioeonic cminont in the Bolenco, yet a peiTcut 
comprehension of all its fundamental methods and prlnolplcs, and n 
very satisfactory acquaintance with Its main results, Is quite wtLhIn 
the roach of ovory person of nrdlnary intelllgonco, without any morn 
oxtouBivc training than may bo liad In our common Boliools. At thq 
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same time the necesgaiy stfttonionta and domonsti 
faoilitalccl by tho use of trigonomotiical toimfl ai 
would bo unwise to diflpcnso with thoui entirely ii 
by pupils who havo ahoiuly become accpiulntod wU 
In discussing tho diiforoiit Bubjoots wlilch prose 
writer will adopt whatovor plan appoaia best fittc 
stuclont (’leal and deflnlto Ideas, and to Impross th 
Usually it will bo best to piocood m tho Knclidi 
stating tho fact or piinciplc in quoBtion, and tj 
domonsti ation But in some cases tlic invorHO pu 

and the conclusion to bo reached will appear gi 
itself as the lesnlt of tho observatiouH upon wlih'h 
Its discoveiy came about, 

Tho hequoiit lofeicnccs to ‘MMiysioH^ lofor to 
Text-Book of Physics/^ bv Anthony BiacJvt^tt, 
Wiley & Sons, N,Y, 
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CHAPTER 1. 

TFIIO “nOOTIUNJQ OF THK SrilEHE,” DEFINITIONS, AND GENmiAL 
OONSTDEUATrONS. 

AaTRONOMY, llko r 11 tho othou Bolouoea, has a terminology of its 
own, and uses tccluileal tonns In tho doscription of its facts aucl 
plionoinona. In n popular essay It would of course bo proper to 
avoid such terms ns. far as possible, ovoii at tho exponso of ciroiiin- 
looutions and occasional ambiguity ; bub in a text-book it is desirable 
that the render should bo introduced to tho moat important of them 
at tho very outset, and made aufnoiontly familiar with thora to use 
thorn lutolllgontly and accurately, 

4. The Oelefltlal Sphere, — To an observer looking up to the 
heavoiis at night Ibsocnisns if tlio stars were glittering points attached 
to tho inner Rurfneo of a domo ; since wo have no diioot poroeptiou of 
tlielr distance there is no reason to Imagine some nearer than others, 
and so wo involuntarily thlnlc of the surface as ^liGrical with our- 
selves In Its centre. Or if wo Bomotlmos foci tliat tlio stars and 
other objects In tho sky really differ in distance, wo still instlnotlvely 
imagine an Immense sphere surrounding and ouoloBing all. Upon 
this sphere wo iinagliio linos and circles traced, resembling more or 
less the meridians aiid parallels upon tho surface of the earth, and 
by roferonoo to those circles wo are able to describe lutolllgontly tho 
apparent positions and motions of the heavenly bodies, 

This celostiul sphoro may be regarded in cither of two different 
ways, both of which arc correct and load to identical results. 

(a) We may Imagine It, In the first place, as trauspavont, and of 
Tueroly flnlto (though midotorinined) dlmonBlona, IjiU in 8o?ne way 
80 altcw/ied URf? oonneotod Mo o&aoryor l/taC A^s eye always 
7 ’emaiU 8 a£ il8 cdfilre tv/iorever Ao ffoes. Each observer, In this way 
of viewing it, cavrles bis own sky with him, and la tlie oentro of hla 
own heavens. 

(b) Or, in the second place, — and this is generally tho more oon- 
vonlont way of regarding tho matter, — we may consider the celestial 


6 Tine *‘nocTiuNE oi’’ this sphkiu!).’' 

sphoio as mathomiiticnlly injinita in Us dnnensions , thon, lefc tlu' 

observor go whoie ho wiH^ ho cannot souaibly get iMxy hoin Us 

CGiitio. Its lacliiis being ‘‘greatoi than any assignable quantity/' 

the si/o of contmoiits, tlio diameier of the eaith, tlio distance of the 

sun, tho orbits of planets and comets, oven tho spaces botwren the 

stars, aie all lugigniflcant, and the whole visible iinivoiflo shiinkH 

)ek(tivelii to a moic point at its coiUic In what follows wo shall use 

this concoption of tho celestial spheie ^ 

Tile appal cut place of any celestial body will tlioii be tlio point 

on the celestial spheie wheie the lino diawn fioni the oyo ol tlio 

obsoivei 111 tho ducctioii m which ho sees tlio object, aiul [iioduis'd 

inflonnilch, plcicos tho sphere. Thus, m Figiuo 1 , Ay O mo 

the appaiont places of a, hy and i, 

tho obscivei being at 0 The appai- 

eiU place of a heavenly body evidently 

depends. solely upon ils ducotion^ am i 

is wholly indopendent of Us diM muiii 

fioin tho obsoivei, 

A 

6 Linear and Angular Dimonslons 
— Lineal dimensions aie sucli as may 
1)0 expressed in Imea) units ; e c , in 
miles, feet, or inches , m mcties oi 
inilllmetios Angiihu diniensions arc 
expiGsscd in angular units, , in 
light angles, In ladiana/ oi (more commonly m astronomy) in do^ 
glees, minutes, and seconds. Thus, for instaneo, the linear sonii- 



1 To most poisons the skj appeals, not a true honiisplieic, but aJlaUcuffl vnidf, 
as if the hoil/on woio moie lemote than tho muth This h a siibjcctno ellcct 
' duo mainly to the intei veiling objects betuceii us and tho hou/oii Tlio sun aiul 

' [ moon when using oi betting look much largoi than when tliey aio Inyliei up, for 

the same Jeasoii 

' 2 ^ IS the angle which is measiirecl by nn arc eaual in length to radius 

Since a circle whose ladius is unity has a clrciimfeicnce of Stt, and contains 300^, 

' or 21,000', Ol 1,200,000", it follows that a ladmn contains ^ , or ^>1 

^12^000 j". ^ ^ (appioximately), a iadian=: 6f 30=3437 7' = 200261 8" Hence, 

' \ to reduce to seconds of arc an angle cxpiessed in ladians, ue rmiUipIy 

I , it by the number 206261 8, a relation of winch we shall have to malco freepumt 

' I use 

I Sec Ilalsted’a rflensuration, p 25 

I I 
1 


I 
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dlamotor of tho min Is about 6D7,000 Idlomotors (433,000 miloH), 
whllo its angular senildiamotcr is about 1C', or a little more than 
tt quarter of a degree. Obvloiiely, angular unite alone can properly 
bo used in describing apparent distances and diincneionB in Llio sky. 
For instance, one cannot say correctly that the two stai’s which are 
knowJi as “the pointers” are two or five or ton feol apart: tlioir 
distance is about five degrees. 

It Is BoniotimeB couvoniont to speak of amjular tlio unit 

of which is a aqnaro degree ” or a square minute ” ; <.e.,aamall 
square In the sky of which each side is 1® or 1'. Thus wo may com- 
pare the angular area of the constellation Orion with that of TauniH, 
in square degrees^ Just as wo might oomparo Ponusylvaiiia and Now 
Jersey in square miles. 

6. Relation between the Distance and Apparent Size of an Object. 
— Suppose a globe having a radius BO equal to r. As soon from 


n 



Flo. S. 


the point A (Fig. 2) its apparent angular) aomidiameter will 
be BAG or s, its distance being AO or R. 

We have immediately from Trigonometry, since ^ is a rlglit angle, 

r 

sm 5 — • 

R 

If, as is usual in Astronomy, the diameter of the object is small 
as compared with its distance, we may write 



which gives s in radians (not in degrees or Beoonds). If we wish U 
in the ordinary angular units, 

or 8"=!20G264,«-j^. 

In either form of the equation wo see that the apparent diameter 
varies directly as the linear diameter^ and inve^^sely as the distance. 
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8 DEinNITlONS AND GENERAL CONSinEllATrGNft, 

In the ciiSG of the moon, 11 = nboiit 239,000 miles , and r, 1081 
miles Ilenco 6 — xW ^ ladian, which is n little nioio 

than ^ of a clegiee 

It may bo nicnUoncd licio as a lathci cunoiis fact that most poisons say 
that the moon appeals about a foot in diamete) ; at least, Urn sooins to 
be tho avoi ago estimate Tins implies that fcho am face of tbo sky appeals 
to thorn only about 110 feet away, siiico that is the distance at which a disc 
one foot in diametoi would have an aiigulai diametei of of a ladiaii, oi 

7, Vanishing Point — Any system of painllel lines pioclnced in 
one direction will appea'i to pierce the colcstial spheio at a singlo 
point. They aotually pieicc it at chffeient points, separated on the 
suifaco of the sphere by linear distances, equal to the actual distances 
botweon the lines, but on the infinitely distant surface these linear 
distances, being only finite, become invisible, subtouding at tho contio 
angles less than anything assignable. The difieient points, therofoie, 
coalesce into a spot of appaiently infinitesimal size — the so-called 
** vanishing point” of poispectivc. Thus tho axis of tho eai'th and 
all lines paiallel to this aai^s point to the celestial pole. 


In Older to describe intelligibly the apparent position of an object 
in the sky, it is neccssaiy to have ceitain points and lines from which 
to leckoii We pioceed to define some of those which aio most 
tiequcntly used. 

8 The Zenith. — The Zenith is tho pomt oerlically oomliead^ ue , 
die pomt wlieie a plumb-line, pioduced npwaids, would picico the 
sky; It is deteimincd by the dueUion of giavity ^y\\ovQ tho obseivcr 
stands f 

If the caith wGie exactly sphcncal/ tho zenith might also bo de- 
fined as the pomt where a line diawn fioin the centte of the earth 
iva'id though the ohwver meets the slcy. lint since, as wo shall sec 
hoieaftoi, tho eaith is not an exact globe, this second definition indi- 
cates a point known as tho ^ 0 GeninG._Ze)u J]is which is not iclonlical 
with the T) ue or Ast) onomkal Zenith detci mined by the diioction of 
giavity 

9. The Nadir. — The Nadh is the point opposite the zenith- 
under foot, of course. 

Both zenith and nadir are deiived fioin the Aiabic, which language 
has also given us many other aationomical teims 
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10. Horizon. — Tho Horizon* ia n grout oirolo of tho coIcrUuI 
Bphoro, having tho zenith iiiul luullr ns ita ijolos : it ia thoroforo 
half-^va}^ botwcon tlioin, and 1)0° from each. 

A horizontal plane, or tho of the horizon, ia u ijliuio j>urpojKl ion- 

lav to tliQ cllroction of gravity, iintl tlio horizon may alao bo coi*rootly 
clcfljiccl ay tho iiitoryectlon of tho celestial aphoro by this piano. 

Many writoi'a niuko a distinction betwoon tlio souHible and rcUionai 
horizons. Tlio piano of tho so us I bio horizon piiBaes through tho 
obsorvor; tho, piano of tho rutionul horizon pussos throiigl^ tho contro 
of tliQ earth, parullol to tlio piano of tlie sonsiblo horizoji: tlieso two 
planes, parnllol to each other, and cvorywlicro about 4000 niilos 
apart, traco. out on tho sky tho two liorizons, tho sensible and tho 
ratlouab It is ovidont, howovor, that on tho iuhnltoly distant siirfaeo 
of tlio coles thil sphoro, tho two traces sonslbly eoaloscp into one singlo 
groat cirolo, widch Is the horizon us (Irst doftnocl. In strict ness, 
thoroforo, whllo wo can distinguisli boiwc on tho two liori zontal jj/aagfi, 
wo got but one horizon drde in tho s[{v. 


11, Tho Vlfllble Horizon ia tho line where sky und earth inoct. 
On land it Is an Irregiilur line, hrukeu b}^ hills and trees, and of no 
astro nomleal value ; but at sea it is a truo circlo, tuid of grout im- 
portauQo in observation. It is nut, liowover, a (jreat oii*olc, but, 
toohnioally speaking, only a small circle; dcproaaod below the ti’iio 
horizon by an amount dopouding u[)on tho obaervor’a elevation above 
tho water. This dopresslou is called tho Dip of the Horizon, and will 
be dismissed fiirthor on. ‘ 




18, Vertical Circles/ — Those tu-e great^ circles passing tlirough 
tho zenith and nadir, and thoroforo necosaarily porpondleular to tlio 
horizon — secondaries to it, to neo tho teehnioal tonn. 

Parallels of Altitude, or Almuoantars. — Tlioso uro small clruloB 
parallol to the horizon : tho term Aliiuioantnr Is seldom used. 

Tlio points and clrolos thus far dollned are doteriiiincd oiitiroly liy 
the direction of gravity at tho station oconpiod by tbo obsorvor. 


13, The Diurnal Rotation of tho Heavens. —If one watches tlio 
sky for a few horn’s some night, he will And that, wlillo certain stai’s 
rise iu the oast,, others set in the west, and nearly all tlio constella- 
tions ohnngo their plaoes. 'Watching longer and more closely, it will 

1 Beware of tlio common, but vulgar, pronimoiation, H&rtzon. 
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ap|)ear tluit Uio sloi*) move in otioln, nnifoimly, m eiiuh u hh 
no(i to cliBtuib tliou lelaiiTO oouhguiatiouB, bat rh if ilioy wrir 
AtLaohed Lo iho innoi BUifioe ot a roiulving Bpboio, Uiining on if4 
a\i4 once a dny 'rbo [latli Uiu« daily doBoiibcd by a bUu is oallofl il*i 
** dtfDHoi uyc/b 

It is soon ovideiii tliat m ocii ktiludo tlio visible of tins 

splioro — the 1)01 nt about wluoh ItUiiuu — ib in tlio noiUii not ipiilo 
h‘ilf-iray up fiom Uio boiuun to the ionitb, for in tbnl logion Uiu sUub 
baldly move al sU| but keep then places all iiigbt long* 

14 The Polea — Tbo Poles may bo detined as the two points in the, 
Bkyi one m Uie noilboni honusphoio and one in tlio bouUioin, whoio a 



(buYRol ehdB isdscos to seio, i e i points whaie, if a aisr woio 
plaoodi it would Buffer no appaient ohange of place daring tbo wbolo 
twen^-four houis Tbo bne joining thoBo polos ib* of ooniBc» tbo 
avU of the ookbUal Bphoio, aboal wbiob it seoms to lolate daily. 

The OYoot place of the polo may bo fbnnd by obseiving some stai 
veiy noar the pole at two tunes Ifi bouio apaxli and taking Hie middle 
pobt between the two obaaivod plaoee of the atar 
Hia definition of the pole just given is mdepondent of anv theory 
as to like oaose of the appaient lotahon of tiie heavons lf| bow 
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over, we ndmlt that it ia duG to the onr Ill’s rotation on Its axis | then 
wo may do fin o t lio nolea as tho '^)oinf s where the myth's axis moduced 
piema the cehstial where, 

10. The Polo-star (Polaris). — The place of tlio northern polo Ih 
very convonlcntly niarkod by the Pole-stai\ a star of tlio seooud lung- 
nltndo, which is now only about from tlio polo: wo say noxo^ be- 
cauae on aocoiiiit of n slow cliahgo tn tlio ctlroctlon of tho earth's 
axis, called ^^i nGcoBaion " (to bo diacusacd later), tho diataiico be- 
twoon tlio polo- star and the polo is constantly changing, and has been 
for beyeral centuries gradually decreasing. 

Tlio pole-star stands comparatively solitary in the sky, and may 
easily be recognized by moans of tho so-called ^‘pointers,” — two 
stars In tho “ dipper” (in the Goiistollation of Ursa Major) — which 
point very nearly to it, os shown In Fig. 8. Tlio polo ia vary iioarly 
oil tho lino Joining Polaris with tho star Mlzar (f Urs. MaJ., at tho 
bend In tho liandlo of the dipper), and at a distanco^nat about ono- 
quarter of tho distance betwoou the pointers, wlilcli arc nearly 5° 
apart, 

The sontliern polo^ unfortunately, is not bo marked )>y miy uoti* 
Bpiciions stnr. 

10. The Oeleatlal Equator, or Equinoctial Oirole. — This Is a great 
oirclo midway botwocn the two polos, and of course 90“ from oacli. 
It may also be clohnetl as the lutorsootlon of tlio piano of tlio earth's 
Qcinator with tlio celestial splior o. It dorlvos its nanio from the fact 
that, at tho two dates In tho year when the eiin crosaoB this oirclo — 
about March 20 and Sept, 22 — tho day and night are equal in lengtlu 


17. The Vernal Equinox, or Eirat of Aries. — The Equinox, strictly 
speaking, is the iinG when tho sun crosses tho equator, Tiufc tlio tor in 
has conio by accommodation to denoto also the jjoini it oroasos, 

though In strlctnoBB It should bo oallecl the ^^Equinoctial PoinlP 
This crossing oooiirB twlco a yeai*, once In September nml once in 
March, and the Venial Equinox is the point on the equator whore 
the Hun cymses it in the spring. It is soino times called the Green- 
wich of the Oelestkd iSphere^ b ecaiiBo It is used us a roforciico point 
In tho sky, much as G-roonwicli is on the earth. Its poaition Ib not 
i narlccd by any (^onspienons star. 

Wliy this point is also called tho “ FiiBt o f Aj:ie^” will appear 
later, when wo conio to spcjik of tho zodiac and Its “signs.” 
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18. Hour-Circles. -rlloiir-circlcs are groat circles of the eoloHlial 
sphere passing through its poles, and consequently porpomllcuhir 
to the celestial equator. They correspond exactly to the niondiaiiH 
of the earth, and some writers call them ** Celestial I\Ioridians ** ; hut 
the term is objectionable, as likely to lead to confusion with thv 
Meridian, to be noted immediately. 


19. The Meridian and Prime Vertical. — The Meridian is the great 
circle peminej through the and the zenith* Since it is a grout 
circle, it must necessarily pass through bolh poles, and tliroiigh the 
nadir as well as the ^senith, and must be perpendicular both to tlio 
equator and to the horizon. 

It may also be correctly defined as the Vertical Gircle which paBsijs 
through i\\epole; or, again, as the Honr-Givcle wliich passes through 
tlie miiihy since all vertical circles must pass through the zonitli, and 
all hour-circles through tlie pole. 

The Prime Veriicat is the Vertical Circle (passing througli tlu? 
zenith) at right angles to the meridian ; lienco lying east and loest 
on the celestial sphere. 

20. The Cardinal Points. — The Nortli and South Points aro tlio 
points on the horizon where it is intersected by the meridian. Tlio 
Efist and "West Points are where it is cut by the prime vertical, and 
also by the equator. The North Pointy which is on the horizon, iniiBt « 
not be confounded with the North Po/e, which is not on tho horixon, 
hut at an elevation equal (see Art. 30) to the latitude of tho observer. 


"With these circles and points of reference we have now tlio mctiUH 
to describe intelligibly the position of a heavenly body, in several 
different ways. 

A\^e may give its altitude ajid azimuth or its declination and 
augh; or, if we know the time, its declination and right aseension. 
Kither of these pairs of co-ordinates, as they are called, will defliio 
its place in the sky. 

21. Altitude and Zenith Bistance (Fig. 4). — The Altitude of a 
heavenly body is its angular elevation above the horkoiiy and is meas- 
ured by the arc of tho vertical circle passing through the body, aJitl 
intercepted between it and the horizon. 
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Tiio Zonltli Dlatunco of a body is simply its angular distanco from 
tlio zonlthj nud la the complomont of tho altltudo. Albltudo + Zenith 
Dlatauco = 90°. 

28. Azimuth and Amplitude (Fig. 4). — Tlio Azimuth of n body 
Is tlio angh at ilie zenith^ heiwem th(^ mGvidian and tho vevLiml circle^ 
which pcmes through the hoihj. It is incaBiirod also by tho arc of tlio 
horizon iutercoptcd botwoon tho north or Boiith point, and tho foot 
of this vortical, Tlio word Is of Arable origin, and has tlio samo 
moaning oa the true hearing In siirvoylng and navigation. 


z 



0 | UiQ placo of tlio ObBor\'or. 
ilio Obflorvcf'a Vorlloiil. 

Zi tlie Zouitln 11)0 l^olo. 
timw, tho IloriMin. 
SZPITAU Morldiftn. 

RZWt tlio Prime VorllCAl. 


jir, Honiu Htnr. 

uro of ilio Htur'fl Vorilonl OIrolo, 

TMUi tho HUir^i AliiuicAntnr, 

Anglu 7%)/; or iirti Kjr*VA7/, Hlur'i AzimnUi, 
Arc Ui\h aior'fl AHilmU. 

Aro ZiVt Htitr"! ZeuUh Dtstnucc, 


The Am^Mude of a body is the coniplemont of tlio azlmutli, 
Azinuitli + Amplitndo » 90°. 


Thoro are various ways of rnokonlng nziuiutli. Many writPiii nxprcflH it 
in tlio nanio nmnnor ns iho hearing is oxproHHed in surveying ( so many 
dogrcQH efint or west of north or south ; N, yo® hh, ote. The more usual 
way at preHonb iHjiownvort to reclcon ib in dogrcos front tho south ixtinfc oloar 
round throjigli tho west to thn ^loint of liogliiuingt thus an ohjoot in the 
S\^^ would have an azhnuLli of ‘Jr)°; in Llio JSIW.j 1115^^; in tho N,, in 
Die NIC., 2^5^; and in tho SK., 3115^. For oxaniplo, to Hiul a star wlioso 
azimuth is 200°, and altitude 00°, wo uuiat face N. ti()° 1C., and tlion look 
up twothirds of tho way to tho zenith. Tim ohjeefc in this oaao line an 
ompUlude of 10° N, of E., and a zniiilli distance of 130°. Evidently botli 
the nziimitli and altilndo of a liciivonly body are mintlmially changing, ex- 
cept ill certain voiy sixicial onsefl. 
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In Fig. 4, /Sii?i7TF represents tlie horizon, S being tlio south point, 
anti Z the zenith. The angle SZMy which niunericiilly equals Uks 
are SII^ is the Azimuth of the star Af; while EZM^ or li///, is its 
Amplitude. MH is Xt^.AUUude^ and ZM\\i^ Zenith Distance. 

23. Declination and Polar Distance (Fig. 5). — The Declination of 
a heavenly body is its angular dis'/a?ice north or south of the caleslhil 
equator^ and is measured by the are of the hour-circle passing through 
the object, intercepted between it and the equator. It is reokoned- 
positive ( + ) north of the celestial equator, and negative (— ) soulh 
of it. Evidently it is precisely analogous to the latitude of ti plaeo 
on the earth, The north-polar distance of a star is its angular dis- 
tance from the North Pole, and is simply the complement of tlio 
declination. Declination -f- North-Polar Distance s=: 90®. 

The declination of a star remains always the sumo ; at least, tiiu 
slow changes tliat it undergoes need not bo considered for our 
present purpose. Parallels of Declination*^ are small circles par- 
allel to the celestial equator. 

24. The Hour-Angle (Fig. 5) , — The Hour-Angle of a star is tlio 

angle at the pole between the meridian and the hour-circle passbuj 
through the star. It may be reckoned in degrees ; but It also 
may be, aud most commonly is, reckoned in hours^ and 

seconds of iwie; the hour being equivalent to fifteen dcgretis, and^ 
the minute and second of time being equal to fifteen minutes and sec- 
onds of arc respectively. 

Of course the Iiour-anglc of an object is continnally (•luingijig, 
being zero when the object is on the meridian, one hour, or llfttHUi 
degrees, when it has moved that amount westward, and so on. 

26. Right Ascension (Fig. 5). — The Right Ascension of u star 
is the angle at the pole between the starts hour-circle and the Jmtr- 
circle {called the Eq^Unoctied Golure)^ tvhich ^Jasses through the vernal 
equinox. 

It may be defined also as the arc of the equator, intercoptod 
between the vernal equinox and the foot of the starts hour-circlo. 

It is always reckoned from the equinox toicarcl the east; some- 
times in degrees, but usually in hours^ minutes^ and seconds of time. 

The right ascension^ like the declination,, remains unvhanged hg the 
diurnal motion. 
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2G. Sidereal Time (^ig. fi). — For 11111113' ustroiioinlciir piiipoaca 
ib la coiivouteDt to reckon time, ilofc by the buu’s position in tlio sky, 
bnt by Uuil of the vernal equinox. 

Tha Sidereal Time at any nionient may he defined aa the hoitr- 
angle of the vemeU equinox. It ib sidoroal nooiif when the equinoctial 
point la oil the morldlan ; 1 o*o!ook (aldoreal) wlion Its liour-anglo 
is 15° ; and o’clock when its hour-angle Ib 515°, ?.e., when the ver- 
nal equinox Is an hour east of the morldlan j tlio tlino boing reckoned 
round ilirongli tlic whole 2 i lionrs, On 'account of the annual motion 
of the Biin among the Btiirs, tho Solar Dai/^ by wliich time Is reckoned 



0 , nlncoof Ibo Obaorvuri IiIh ?Sviilthi 
4*i7i'iVJ/' tliu lloj-laon. 

POP't llnu iJRfflllol to tlio Axli of tho ICarlli. 
P\ ll»o l\yo Uolofl of tlio Ilcnvoni. 
llio Oiilurtllal ]*l(|UiUor, or EqiilntMlIul. 
A', Iho Vornwl Kqulnox, or “Plratof Arlcw," 
PXP\ Iho Kqiilnootinl Ooluro, or Zoro Ifour- 
01 role, 
m, flomc flinr. 


Km, thu HUir'B Deellnnthn; Ha Xoi'th- 
poUn* Dlatauee, 

Anglo viPP^MO QYi Iho Huir'a (o«iaern) 
IIour^Anffta ; m minus Blar'i (wobI- 
orn) lIour*Aiig1a. 

Anglo ^ nro XY^ Blar’a PlphiAsctmlon. 
aUlorcul tlmo ul llio niomoDt^S a minus 
nnglo XPQ. 


for ordinary pnrposoB, la about i minutes longer tlian the Bid 0 real 
day. Tho exact dllToronco la 3’“’ (slderoal), or just one day 

In a year; tboro being 86G;[ eklereal days in tlio yonr, as against 
;]{;5| solar dayH. 

27* Observatoi7 Definition of Eight Ascension. — It la ovldont fwin 
tho above donnltion of aidorcal time, that we may also doQno tlio 
Right A SCO ns Ion of a star ns the sidei^eal time when the star crosses 
moridkm. The Star and the Venial ICquinox nro lioLh of them 
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fixed points in the sky, and do not change ilieir relative position ilur- 
jug the sky’s apparent daily revolution ; a given star, tlieroforo, 
always comes to the meridian of any observer the same ninnber of 
hours after the vernal equinox has passed ; and this number of hours 
is tbo sidereal time at the moment of the starts transit, and mcasuvoH 
its riglit ascension. In the observatory, this definition of right ascen- 
sion is the most natural and convenient. 

It is obvious that the right ascension of a star cori’csponds lu tlio 
sky exactly with the longitxaU of a place on the earth ; torroslrial 
longitude being reckoned from Greenwich, just as riglit aseonsioii 
is reckoned from the vernal equinox. 

N.B. We shall find hereafter that the stars have laiitxides ami 
loncjitndes of their own; hut unfortxinately time celestial latitudes and 
longikides do not correspond to the terrestrial^ and great care is neoes-^ 
sary to premii confusion, (See Art. 179,) 

^ 28. An .s;)/tere, or some equivalent apparatus, Is almost 

essential to enable a beginner to get correct ideas of the points, 
circles, and co-ordinates defined above, but tbo figures will perlmpa 
be of assistance. 

The first of them (Fig. 4) represents the Iiorizon, meridian, and 
prime vertical, and shows how the position of a star is indicated by 
its altitude and azimuth. This framework of circles, depending 
upon the direction of gravity, of course always remains apparently 
unchanged in position, as if attached directly to tho earth, while the 
sky apparently turns around outside it. 

The other figure (Fig. 5) represents tho system of points and 
eii'cles which depend upon the earth’s rotation, and are indopondont 
of the direction of gravity. Tho vernal equinox and tho hoiir-ciroloB 
^ apparently revolve witli the stars while the polo remains fixed upon 
the meridian, and tlie equator and parallels of declination, revolving 
truly in their own planes, also appear to bo at rest in the sky. But 
the whole s^^stem of lines and points represented in tho figure (hori- 
zon and meridian alone excepted) may be considered ns attached 
to, or marked out upon, the inner surface of the celestial vault and 
whirling with it. 

It need hardly be said that the appearances are deceitfur’ — 
that which is really carried around by tho earth’s rotation is the 
observer, with Ins *plumb-liiie and zenith, his horizon and meridian \ 
while the stars stand still — at least, their motions in a day are in- 
sensible as seen from the earth. 
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At Liie polciB oL' tlio earth, which arc, mafclieinatically flj^waking, ^‘singulai’'’ 
pointfi, the dofihiLiaiifl of tho Meridian, of North and South, eto., break 
down. 

'I'lioro Llio polo (colostial) and coincide, and any number of circles 

iiiuy bo drawn through the two points, wliioh have now becoino one. Tlio 
hoi'i/on and oquator coaiosoe, and tl»o only direction on the eartli's surface 
is due Houth (or north) — east and west have yanishod. 

A single atop of tho obsei’vor will, how'ovor, remedy tlie confusion; 7xinitli 
and polo will separate, and his inoiddian will again become determinate, 


29. To rcoapitiilnto ; Tho dlreclion of gravity at tho point where 
the obacrvGi’ stiinda clotorniinoB tho Zenith and Nadir, tho Horizon, and 
tho Almuoautars (parallel to tho Horizon) , and all tlio vortical circles. 
One of tlio Yortleala, tho Mmdian^ is singled out from tho rost by 
the olrcnnistaneo that it pasaos tlirough tho i^ole of tho sky, marking 
the North and Sontli Points whoro it cuts tho horizon. 

Altitude and. Azimuth (or thoiv complements, Zenith Dlstmico 
and Amplitudo) nro tho co-ordlnatos which deslguato tho poBltloii 
of a body by rororonco to tlio Zenith and the Morldian. 

Similarly, tho direction of the earth's ajr/s (which is indopondont 
of tlio obsorver^s plaoo on tho oarth) dotenninos the Polos, tlio 
Ifiquator, the Ihxrallels of Declination, and tho Hoiir-CIrclcs. Two 
of these JToiir-Clrclos avo singled out as roforonco llnca ; ono of thorn, 
tho Meridian, wliich passos through tho Zenith, and is a purely 
load roforenco lino ; tho other, tlio Equlnootlal Colure, whicli pasBcs 
tlirough tho Vernal Equinox, a point chosen from Its rclgtloii to tlio 
8im*s annual motion, Declination and JIour-AngU aro tlio oo-ordl- 
natoa which refer tho plaoo of a star to tho Polo and tho Morldian ; 
whllo Doolliiatlon and Right ^soension rofor It to the Polo and Equi- 
noctial Coluro. The latter aro tho oo-ordluatos usually employed in 
star-oataloguos and ophomorldos to define tho positions of stars and 
planolH, and correspond exactly to Latitude and LoiigltiKlo on tho 
car til, by means of wlilch geographical positions are doBignatod. 

30. Relation of the Apparent Diurnal Motion of the Sky to the 
Observer’s Latitude. — Evldontly the apparent motions of tho stars 
will bo considerably Induonced by tlio station of tho observer, since 
tlio place of tho polo In tlio sky will depend \\\}on it, Tim AJtUudo 
of tliQ polo, or Us height in degrees above the horizon, is always ofiual 
to tho lAUitude of tho observer. Indeed, tho Gorman word for lati- 
tude (astronomloal) Is Polhbhe; t.c,, simply Pole-holglit/’ 
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This will be clear from Fig. G. The lulitiide of a phioe is 
the aiujle hetmeii Us plxmh4ine and the of iho, equator; tla* 

angle ONQ in the figure. [If tlie earth wore truly spherical, N 
would coincide with (7, the centre of the earth. Tho ordinary 
definition of latitude given in tho geographies disregards tho slight 
difference.] 

Now the angle //'OP'Ms equal to ONQ^ bocanao their sides are 
mutually perpendicular ; and it is also tlio cdUlude of the poky be- 
cause the line IIIP is horizontal at 0, and is parallol to the 
eavth^s axis, and therefore points to tho celestial pole. 

This fundamental relation, that the altitude of the celestial pole is 
the Ltdiiude of the ohserver^ cannot be too strongly impressed on the 
student's mind. The usual symbol for the latitude of a place is </>, 



Fm. 6. — Relation of Lntiai<le to tlio Elevation of Iho Polo, 


31.^ The Right Sphere. — If the observer is situated at tiio 
earth's equator, i.e,, in latitude zero ^ o), the pole will bo in the 
horizon, and the equator will pass vertically ovcrliead through tho 
zenith. 

Ihe stars will rise and set vertically, and their diurnal cirolos will 
all be bisected by the horizon, so that they will be 12 hours above 

it and 12 below. This aspect of the heavens is called tho liiaht 
Sphere. 


32. The Parallel Sphere. — If tlie observer is at the polo of tho 
earth (^=90°), then the celestial pole will be in the zenith, am] 
die equator will coincide with the horizon. If ho is at tlie "North 
Pole, all stars north of the celestial equator will remain permanently 
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above tho horisiou, never rising or falling at nil, but Bailing ai'ouud 
on circles of altltndo (or AhiiucmtarH) pni'allol to tlio horizon. 
Stars in the Southern Iloinisplicro, on fclio other Iiniul, would nover 
rise to view, As tho snii and tho moon move In sucli a way tlmt 
during half tho tlmo they are alternately north and sonth of tho 
equator, they will bo half tlio tlmo above the horizon and half tho 
time below it. Tho moon would bo visiblo for about a fortnight at a 
time, and tho sun for six months* 

33. The Oblique Sphere (Fig. 7). — At any station botweon the 
polo and equator tho stars will niovo In clroles oblique to tim horizon, 
SHJNWin tho figure. Thoso whoso distance from the elovatccl polo 
is less than tho Intiliide of tho place will, of course, never sink below 
tlio horizon, — tlio radius of tho ^''Oirde of Per2)etmd Ap^mritiorii* 



1^0. 7. — Tho Obllquo Sphoro ond Dliirniil Ojrok'B. 


as it Is called (tho shaded cap around P In tho Hgiins), being just 
equal to tho height of tho polo, aiul hecomlng larger as tho hititudo 
incrciisGs. On the oilier hand, starn within tiio suino dlstmieo of tho 
(lejU’Gssed pole will lie within tho “ Oirda of I^orpelmd OconUalio 7 i,*' 
and. will never rise above the horizon, 

A star exactly on tho oolestlnl equator will liave its diurnal olrclo 
JijQWQ^ bisected by tho horizon, and will ho abovo the horizon just 
as long as liolow it. A star north of the equator (If tho North Polo 
is tho elevated one) will havn more than InilC of Its diurnal circle 
ahovo the horizon, and will ho visible more than half tho time ; ns, for 
Instance, a star utyti iiiid of course tho reverse will be true of atai^ 
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on the other side of the equator.^ AVhenever tlic enn is north of 
the equator, the clay will therefore be longer than the niglit for all 
stations in northern latitude : how much longer will depend both on 
the latitude of the place and the sun’s distance from the eolcBtlal 
equator. 


^ A Celestial Globe will be of great assistance in studying Ihese iliiirnal circles. 
The north pole of the globe must be elevated to an angle equal to the latltiulo of 
the observer, which can be clone by meanB of the dogreca marked on tho brnss 
meridian. It will then at once be easily aeon wbat stars never set, which oiiee 
never rise, and during what part of tho 24 hours any heavenly body at a known 
distance from the equator is above or below the horizon. 
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AHTUONOiSrrOAL TNSTUU^[KNTH. 

34. AsTimKOMiOAi. oliHorvationH nro of viivioua klndn ; Hoinotlmcs 
WG (IcBlro to nacoi Uilu fclio iipparont dUtaiico botwGou two bodloH at ft 
given time ; eoniotimoa ttio ],)OHltion wbleli a body oecui)i(5H ut a given 
timoj or llio moinonij it fii’i’ivoa tifc u given drelo of tlni Hky, iiHimlly 
tlio niorhllaii, SomothnoB wo wIkIi uiovol^* to oxainiiio Itn Hurfuco, to 
inoftHin'G Its light, or to luvos^lgale Its Bpoetmiii ; and for all tlieso 
purposes spooial Inatriiinonts have boon dovtHcd. 

Wo propoao In thlb ohaptor to dosorlbo very brloily a few of tlio 
moflt Important 

36. Teleaoopefl in General. — Tolosoopos are of two Id ikIb, refract- 
ing and rofloefcing, The former wore first invented, and are inuoh 
more iisod, but the largest Inetrumoiits over made are reflectors. In 
both the fundamental prinetple is tho flame. The Ini’go lens, or mlr- 
I’or, of the Instrument forms at its focus a reitl hniujo of the objoct 
looked at, and this imago is thou oxaiiilnod and magnlflod by tho oyo- 
piece, which In principle Is only a magnIfyIng-glaBa, 

111 tlio form of telescope, lio waver, Intrmluood by Galile(),Van(l still used 
as the <^oix)rR-glftfl 8 /* the rays from fclio objeot-glass aro Interct^pted by a con- 
oavQ Ions which performs the oflloo of an oye-pieeo he/ora tliey moot at tlie 
fooiis to form tlio ^‘real image,’* Hut on ftccoinit of tlio HmallnosH of tho 
ndd of view, and other object Ions, this form of toloseope is never used when 
any consider able ^xiwer is needed. 


1 Til sIrIcliicHfl, (iiillloo did not Invent the teloscopo, Ils Jtrsl InvcMHlon 
eooms to liavo hocn In 1(K)8| by Upporhoy, a Bpoelaolc-ihakcr of MIddleburgt 
111 Holland 1 though tho lionnr has also boon clalniod for two «>r ibrco otlior 
Dutoli oidicInnH. Galileo, in IiIb ''Nunclua flyderoiis,” puhllHlied In March, 
IdlO, lilmsclf says Hint he had hoard of the Dnteh liiRtrumonla in IdOO, and 
by BO lioarlng was led to construct IiIb own, which, bowovor, far oxeellod in 
power any Mmt liail boon nindo provlmialy; and lio was the drsl to apply 
tho toloBcopo to Afltrononiy. Sec Cirant’a 'Mllatory of Aslronorny,*’ pp, 514 
ftti.d floqq, 
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36 Simple Refracting Telescope —Tins tionsmls eHsoiiimliv 
shown 111 Ibo llgme (Fig S), of a tube conlaining two lonscB ^ a singh‘ 
couvG's: lenS) oallocl the object-glass ; anil auotlioi, of smaller si/.i* 
and sboit focus, j3^ called the eye-piece* KecaUing the principles ol 
lenses the student will see tliat if tlie iiistiumcnt bo directed at a dis- 
tant object, the moon, for instance, all the lays, which fall 

upon tlie object-glass fioni a point at the lojy of the moon, will l)i‘ 
collected at a in the focal plane, at the hotUm ol the imago* Sinn- 
laily lays fiom the botto^n of the moon will go to b at tlie loj) of the 
image, moieovei, since the lays that pass through the optical eentio 
of the lens, o, aio undeviated, ^ the angle ''dl equal />oa; oi, m 
other woids, if tlic focal length of the Ions bo Hao leet, for instance, 
then the imago of the moon, seen fiom a distance of five feet, will 
appear just as luge as the moon itself does in the sky, — it will 
subtend the same angle* If ive look sftt it fiom a smallei distance, 



say ftoin u distance of one foot, the image will look laigci than the 
moon , and in fact, without using an eye-pieoo at all, a peison with 
iioimal eyes can obtain consideiablo magmlymg power fiom the 
object-glass of a laige telescope With a Ions of ten leet focal 
length, such as is oidimnilv used m an 8-inc*)i tolescope, one can 
easily see the mountains on the moon and the satellites of Jiipitci, 
by taking out the eye-piece, and putting the eye m the line of viBioii 
some eight oi ten inches back of the eye-picec hole 
The image is a leal one; i e , the rays that come horn dilLeient 
points in the object actiially meet at coi responding points in llio im- 
age, so that if a photogiaplue plate weie inseitcd at ah, and prop 
oily exposed, a picjiiue would be obtained* 

If we look at the image with the naked eye, we cannot come neiuei 


1 In this oxplanatiim, we use the appioxinmle theory of lenses (In winch theli 
thickness is neglected), as given In the elementary text-books Tlic inoie ex act 
theoiy of Gauss and later wi iters would require some slight mothfli cations in oiii 
statement 8j but none of any material impoitance For a thoiough discussion, 
see Jamin, Trattd de Phtfsique" or Encyc Butannica, — Optics 
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to tlio image (nnlostt near- sigh ted) tlmn eight or ton Inohos, ftiul bo 
cannot got any gi’oat magnifying [K)wor ; but if wo use a magnify- 
ing-gluBB, we enn approach iiiiioh closer. 

37. Magnifying Power, — If the cyo-ploco B is set at a clistnnco 
from tlio imago equal to itsprliiolpnl focal dintanco, thcji any pencil of 
rays from any point of tho imago will, after pneslng the lens, 1 )g con- 
verted Into a pamllol boaiii, aiul will appear to the eye to coino from 
a point at an Infinite distance, as if from an object in tho sky. 'rh <5 
rays which came from tlie top of the moon, for instance, and arc col- 
lected at a In tho Image, will voacli tho eye ns a beam iKtmlkl to the 

• Urn c«, which connects a xoitfi the optical centre of the eye-piece. Simi- 
larly with the rays which meet at h. The observer, tlioreforo, will 
HOG the top of tho moon^s diso in tho dlroetlou cA;, and the hoitom in 
tho direction cl. It will appear to him inveried^ and greatly niagnl- 
flod ; its apparent dlaniGter, as scon by tho uakod oyo and nionsiired 
by tho angle aoh (or its equal having been Increased to ach. 

Since botii these angles are subtended by tho ttamo lino ab^ and are 
mall (tlio figure, of course, is miioli out of [iroportion), tliey nuiHt 
bo invei-floly proportional to tho distance ob and cb ; i.c., boa ; Im = 
obi oh] or, putting this Into words: Tho ratio botwoou tho natiirnl 
apparent cliametor of tho object, and its d lame tor as soon through the 
tolosoope, is efpial to the ratio betioeen tho focal lenr/lhs of tho eyo- 
lens and object-glass. This ratio is called tho magnify ing 
of tliQ toleacopo, and is therefore given by tho simple forimila 

-p, where F is the focal length of the objeot-glasH and f that of 

oye-plooo,* while M is the magnifying power. 

If, for example, tho object-glass have a focal longtii of thirty foot, 
and the oye-pieoe of one inch, tho magnifying power will bo flflO ; the 
power may bo ohangod at ploasiiro by sulistitiitlng different eye- 
piooGB, of wiiioh every largo telescope has an oxtenslvo stook. 

38, Brightness of Image. — Since all the rays (\'om a star whlcli 
fall upon the large object-glass are transmitted to tho observer's eye 
(iiGgleotlng the losses by absorption and reflocUon) , lio obviously ro- 


* A niRgiilfyliig power of 1 Is no magnifying power at all, Objaol ami imago 
auhtoiid equal angloa. A ningnlfylng power ileiioted hy a fraotloa, Hay would 
bo a minify iug power, making the object look amaUtrj as when wo luolc at nil ob- 
ject through tho wrong end of a Bpy-glaas, 
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ceives a quantity of light much greater than he would naturally get; 
as many times greater as the area of the object-lens is greater tluin 
that of the pupil of the eye. If we estimate this latter as having a 
diameter of one-fifth of an iiich» then a 1-inch telescope would in- 
crease the light twenty-five times, a 10-inch instrument 2500 times, 
and the great Lick telescope, of thirty-six inches* aperture, 02j400 
times, the amount being proportional to the square of the diameter 
of the lens. 

It must not be supposed, however, that the apparent brightness of 
an object like the moon, or a planet which shows a disc, is increased 
in any such ratio, since the eye-piece spreads out the light to cover a 
vastly more extensive angular area, according to its magnifying 
power } in fact, it can be shown that no optical arrangement can 
show an extended surface brighter than it appears to the naked 
eye. But the total quantity of light utilized is gi’catly increased 
by the telescope, and in consequence, multitudes of stars, far too 
faint to be visible to the imassistecl eye, arc revealed ; and, what la 
practically very impovtaiit, the hrujUer stars are easily seen hy (lay 
with the telescope. 


39. Distinotness of Image. — This depends upon the oxactncBS 
with which the lens gathers to a single ^oint in the focal imago all 
the rays which emanate from the corresponding point in the object* 
A single lens, with spherical surfaces, cannot do this very perfectly, 
the ^‘aberrations** being of two kinds, the spherical aberration and 
the cliYomatic, The former could be corrected, if it were worth while, 
by slightly modifying the form of the lens-siirfaces ; but the latter, 
which is far more troublesome, cannot be cured in any such way. 
The violet rays are more refrangible than the red, and come to a 
focus nearer the lens ; so that the image of a star formed by such 
a lens can never be a luminous point, but is a round patch of light 
of different color at centre and edge. 


40. long Telescopes. By making the diameter of the lens ver^ 
sma ns conf^aie with its focal length, the aborration becomes less cotv 
spicuous ; and infractors were used, about 1000, having a length of more than 
100 feet and a diameter of live or six inches. The object-glass was mounted 
X eye-piecBwas on a separate statid below. 

m 120 feet focus, 

Huyghens bscoyered the rings of Saturn. His object-glass still exists mul 
IS preserved m the collection of the Royal Society in rindon* 
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41. The Aohromatio Teloscope. — The chromatic abcrnitlmt oT a 
IcjiH, m liaH boon aaicl, cannot ho cured by any modification of the lens 
itself; but it was diBcovorcd in England about 1700 that it can bo 
nearly corrootiid by making tho objcct-gliiRH of Iwo (or nioro) lonacfl, 
of dijferent kinds of glass^ one of the lenacH being convex atid tho 
other CO 11 oa VC. The convex lens ia usually, made of glass , tlie 
concavo of jUnt glass. At tho sanio by properly choosing tlio 
ciirvcH, the spherical aberration can also bo dentroyed, so fcliat such a 
(ioinpoiiiul objocfe-gluBs conics reasonably near in fulillllng tho con- 
dition, that it should gather to a mntliomutlcal point in tho image all 
tlio rays that reach the object-glass from a single point In the object. 


'J’licso ohjcot-glaHSOH admit of a couHidovaldo varioty of forinH, Eorniorly 
tiioy wero goiiorally mmlo, as in Fig. 0, No. Jl, having tli(^ two Iouhoh <;losa 
togotlior, and tho adjaooiit surfaces of tho sanio, nr nearly tho same, eiirva- 
turo. fii small objoct-glassos tlio lonaos are often etnnontod togetlu'r with 
Canatla balsam or soino otiior transparout modlurn, At prosont Homo of tho 
boflt nmkoi'H .<JQparRte tiio two lonsos by a oonsldorablo distance, ho as to 
admit a free oiroulation of air liotweon them; in tho Pnlkowa and Prinoa- 
ton objeob- glnsRoa, nonstmeted by 
Clark, the loiiHos are soven inolics 
apart, and in tho Lick toloseope hIx 
ami a half inoliofl ; ns in No. 1. In 
a form dovlscd by (InuHS (No. 2), 
wliich liaa some advantages, but' is 
cliiRciilt of constriiotion, tlio ourvos 
are very deep, and both tlio lonses aro of watch-glass form — comjavo on one 
side and oonvox on tlio othor. In all tlioso forms tlio orown glnsH is outside ; 
S to in hoi 1, Hastings, and othors liavo oonsti'uotnd lonBos with tho JlmPyhm 
loiiB outside. Objoot-glnssos- aro somotimoH mmlo witli three lonsos Instend 
of two; a slightly bettor oorreotlon of aborratibim oan bo obtained in IliiH 
way, but tho gain is too small to \wy for tho extra oxiKmso and loss of Hglit. 


pss?! 

^ J.inymo 


Cluvk 

lOa. D, — Tlin'orunt Furmi of tlw AcliroiriaUo 
ClUjoDt'yflQBR, 


42. Secondary Speotnim. — Tfc Is not, liowcvor, poBslblo with tho 
kinds of glass at proBont available to eoenre n perfect correction of the 
color. Onr beet nchvoinatlo lonsos bring tlio yollowlsli groon rays to 
n focus neam’ the lens than they do tho red and violot. In conso- 
qiience, tlio Imago of a bright star is Burroundod by a purple Imlu^ 
wliich is not vory iiotioonblo in a good tolcBCopo of mimll size, hut 
is vGi'y consplcnoiiB and troiiblosoine in a largo Insti'iiniont. 


'J’liis im[>nrfQobion of aohromatiftm makofl it unsatisraotory to uso an ordi- 
nary Ions (visually oorreotod) for aatroiioiiiioal photography. 'I'o At It to 
make good photographs, It imist olthor bo s]icQ}ally corrootiid for tho raya 
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that are most effective in photography, the blwo and violet (in Nvliich it 
will he almost \Yoi‘tiiles.s visi tally), ^ or else a subsidiary lens, known as a pho- 
tographic corrector,” may bo provided, which can bo put on in front of ibo 
object-glass when needed, A now form of object-glass, devi<sod indepmitb 
cntly by Pickering in this country and Stokes in Kugland, avoids the inmessi ty 
of a third lens by making the crown-glass lens of such a foj’iu that wlnni 
put close to the Hint lens, with the Jlatter side on/, it makes a i)erfeot object- 
glass for visual purposes ; but by simply reversing tin? crowm lens, wifb ibe 
more convex side outward, and separating tho louses an inch or two, it lev 
comes a photographic object-glass. A 151-iuoh object-glass of tins eon 
tiou at Cambridge performs admirably, M 

Much is hoped from the new kind of glass no\v being made at Jen a- In 
combination with crown glass it produces lenses almost free from chromatic 
aberration, and if it can bo produced in homogcuGous pieces of .sullieiciit 
size, it will revolutionize the art of telescope making, 

43. Diffraction and Spurious Disc. — P>cn if a lens wore perfect 
as regards the correction of aberrations, tho ‘Mvavo” nature of light 
prevents tho image of a luminous point from being also rt point ; the 
image must necessarily consist of a cGutral ch>c, brightest in the cen- 
tre and fading to darkness at the edge, and this is aiiiTOUudod by 
series of bright rings, of which, however, only the smallest one is 
generally easily seen, The size of this diac-ancl-ring syatoin can Im 
calculated from the known wave-lengths of light and the dimcusluus 
of the lens, and the results agree very precisely with observation. 
The diameter of the “spurious disc^^'raries with tho aper- 

ture of the telescope, According to Dawes, it is about for a 
l-iucli telescope; and consequently 1" for a 44 ^-incli instrument^ 0^^f> 
for a 9-inch, and so on. 

TIur circum?{tance has much to do with tho superiority of large instru- 
moiits in showing minute details, No increase of magnifying pow'tw o)i a 
small telescope can exhibit things as sharply as tho same power on the lavgtu' 
one; provided, of course, that the larger objecbgl ass is equally per feel) in 
workmans! lip, and the mV in good optical condition. 

If the telescope is a good one, and if the air is perfectly steady, — which 
unfortunately is seldom the case, — tho apparent disc of a star should bfj 
perfectly round and well defined, without wings or tails of any kind, having 
around it from one to three bright rings, separated by distances somcwliat 
greater than the diameter of the disc. If, how'ever, the magnifying power 
is more than about 60 to the inch of aperture, the edge of the disc will begin 
to appear hazy. There is seldom any advantage in the use of a magnifying 
power exceeding 75 to the inch, and for most "purposes powers ranging from 
20 to 10 to the inch arc most satisfactory. 
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44. Eyo-Pieoes, — For imuiy piirpoaoH, iis for iosUmoe tho examina- 
tion of eloHO double sbirs^ there is uo hotter eye-plecc than tho siniplo 
convex IciiH ; but it porforiim well only when the object is exactly in 
tlie centre of tho Held. [Jsnally it is host to employ for tho cye-piece 
a comb I nation of two or more Igiibos whlcli will give a moro exton- 
bIvo Hold of view. 

Eyc-pieees belong to two olafisos, tho p)Of\i^ive and tho m^gutive. TJic 
former, which aro much moro generally, use fill, aot as Bimplo magnify* 
ing«^^ks8e8, and can be used as hand uiagnlllors if dosired, The focal 
iniago%)rmed by tho olijoct-glaBR lies ontHule of tho eye-piccc. 

In tho negative oyo-piooes, on the other hand, the rays from tho 
ohjoct-glaas arc intcreeptod before tlioy come to tho fooiis, and tlio 
imago \h formed botwcon tho louses of the oyo-pioco. Sucli an cyo- 
picGO cannot bo used as a hand magnifier, 


Stcinhctl i3a>ncicc>ar/o’ 
{Fontttvt) 


Iluvofientan 

OVoi/fli/W) 


Fia. 10. — VnrIowH Vorniaof Toloflcopo lifyo-plcco, 




40. Tlio flimploat and nioBt coiiinion forum of fclioso eye-piecos are tlio 
liamstloii (lX)3itlvo) and 
riuyghonian (nogatlyo). 

Each is composed of two 
plano-convex lonsos, but 
the arrangeinonb and 
curves differ, as shown 
ill Fig. 10. The former 
gives a very Hat Hold of 
view, hut is nob aeliro- 
inatle ; tho latter is more 
nearly achromatic, and 

possibly doHnos a little bettor just at tho centre of the Hold; but tlio foot 
that It is a nogaltDe oyo-piece greatly roatriots its uaefulnosjs. In tho Hams- 
den oyc-pioce the focal lengths of tho two ooinponont lonaos, both of which 
have tholr fiat sides out, are about ofiual to each otlier, and their dls Lance is 
about one-tliird of tlio sum of tho focal longtlm. In the lluyghonian tlio 
ourvod sides of the lenses aro both turned towards tlio objeob-glass ; tho 
focal distance of tlio Held Iona should be exactly three times that of tho Ions 
next the oyis, and tho distance botwoon tho louses ono-lmlf tho sum of tho 
focal lengths. Tlio peculiarity of tho Stoinhell << monocoiitrio’* eye-piece 
which is a triple aohvomatlo positive Ions, con si.s ting of a central convex 
Ions of crown glass, with a concave inoiiisciis of Hint glass comonted to eacli 
side, is til at the curves are all struck frojn the same centre^ tho tliiokncss of tho 
IciiBOH being so ooinputod a« to iiroiluco tlio needed corrcotioiis, , It is froo 
from all internal rcHoctions, which in othoroyo-pieoos often produce “giiosts,” 
as they aro called. 

There aro numerous othov forma of oyo-xHoco, each witli its own advan- 
tages and disadvantages. Tho erecting eyo-plcoo, usod in sxiy-glasBos, ia 
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essentially a compound ‘micvoscope, and gives oroot vision by again invert- 
ing the already inverted imago formed by tho object-glass, 

■ It is obvious that in a telescope of any mm tho obj<>ct-glass is tho most 
importimt and expensive part of the instrument. Its cost varies from a fow 
hundred dollars to many thousands, while tho oyo-pieces goner ally enst only 
from §0 to 520 apiece, 

46, Reticle, — When telescope is usotl kn* poinUmji tis iii iiumt 
astronomical instruments, it must be provided with a ralide of Hotne 
sort. This is usually a metallic frame with sjiidcr lines Btrctchotl 
across it, placed, not near the object-glass itself (as is ofton sup- 
posed), but at tho focus of tho object-glass, where the imago is 
formed, as at a & in Fig, 8. 

It is usually so arranged that it can bo luovod in or out a little to got it 
exactly uito the focal piano, and then, when the oye-piooo (positive) is ad* 
justed for the observer’s eye to give distinct vision of tlm object, tho “ wires,'’ 
as they are called, will also be equally distinct. As spidor-thvoada aro very 
fragile, and likely to get broken or displaced, it is often bettor to substitute 
a thin plate of glass with lines ruled upon it and blaokoncd, Of courso, 
provision must be made for illuminating either tho Hold of view or tho 
threads themselves, in order to make them visiblo in davlcnoss. 

47, The Reflecting Telescope, — When tho chromatic abormtion 
of lenses came to be understood through tho optical discovery of 
the dispersion of light by Newton, tho rolloctlng tolescopo wtiB 
invented, and held its place as tho instriimont for siar-gaydng until 
well into the present century, when largo aohromntios began to )}0 
made. There are several varieties of reflecting telcsGopo, all agree* 
ingiu the substitution of ,ii largo concave mirror in place of tho object- 
glass of the refractor, hut differing in tho way in which they got fit 
the image formed by this mirror at its focus in order to oxamino it 
with the eye-piece, 

48, Ill the Ilerschelian form, which is the simplest, but only^siiitofl lo 
very large instruments, the mirror is lipped a, little, so os to throw the imago 
to the side of the tube, and the observer stands with his back to tho object 
and looks down into the tube. If .the telescope is as much as two or threo 
feet in diameter, his head will not intercept enough light to do miioh Imriti, 
— not nearly so much as would be lost by the second roflootion necessary in 
the othei forms of the instrument. But the inclination of tho mirror, and 
the heat from the observer’s person, are fatal to any very accurate dcfinibion, 
and unfit this form of instrument for anything but the observation of nobuino 
and objects which mainly require light-gathering power. 
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111 fcliQ No^vton^all toloacopo^ a Bin all plane roflootor Btaiidiug at an angle 
of dr6° Jb plnccd in Iho coutro of the tulw* bo ag to intoraopt the rays roflcotod 
by tho largo mirror a little before they come to their foous, and tlirow tlioni 
to Uie side of tho LubOf whore tbo oyc-pleco is placed. 

In tho Crrogoi'iun form (which was tho first invented), tho largo mirror in 
pierced through its oentro, and tho mys from it are I'ollootod through the 
liolo by a small concave mirror, placed a little outflido of tho principal focug 
at tho month of tho tube, With this instrument ono looks directly at tho 
staiTj ns with a rofraotor, and the image Is erect. 

Tjio Cagaogratnian fonn Is very similar, except that tho small concave 
mirror of tho Gregorian is replaced by a convex mirror, placed a little insido 
tho focus of the largo mirror, whloh makes tho iiistriimeiiL a I it tie shorter, 
and gives a fiattor field 
of viow. 

Formerly tho great ^ 
mirror was always made 
of a oompoaition of cop- 
per and tin (two parts 
of copper to one of tin) 
known os ^‘speculum 
metal.” At present it is 
usuolly made of glass 
silvered on the front sur- 
face, by a chemical pro- 
cess wliioh deposits tho 
metal in a thin, brilliant 
film. Those silyojMjn- 
glass rofleotors, when now> ll. — Dlfforom Forms of Uolloollng Toloicopo. 

roiloob much moro light !• ThellorBoholianj 2. Tho Nowtontnii; a. Tho OrogorlQn. 
than the old specula, but 

tho film does not retain its polish so long. It is, however, a coinparatlvoly 
simple matter to I'onow the film wlioii ncoesflaiy. 

Tlio largest tolosco^xis over inado have been rofioctors. At tlm lioad of tho 
list stands tho enormous iiistnimont of Ixn’d Ilog80,con8tr noted in 18^12, with 
a min'or six foot in diameter and sixty foot focal length. Next in order aro 
a nuinlior of Instruinoiits of four feet aperture, first among which is tiio groat 
toIcsco[X3 nf the older IlorRclioi, built in 1780, followed by tho teloHOO[>o 
orcotod by Lassoll at Malta in 1800, tho Molboiirno rofioctorby Grubb In 1870, 
and tho still move recent Bilvor-on-glnss roflootor of tho Paris observatory, 
whloh, liowovor, has proved a failure, owing to dofectlvo support of the mirror. 

49. Relative Advantages of Eefrootors and Reflootors. — Tlujro has 
been a good deal of discussion on this point, and eueli oonstruation has its 
partisans. 

In favor of the loficotors wo may mention, — 

First, liase qf construction and aonsoquent cheapness n Tlio concave mirror 
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has but one surface to figure and polish, wliilo an objiufi-g'lasH lins four. 
Moreover, as the light goes ilirough an objcot-ghiss, it is oviibMit tlmt Uiii 
glass employed must be perfectly clear and of uniform donsily ihvougli tuul 
through j while in the cose of tlio mirror, the light does not XHum train iho 
material at all. This makes it vastly easier to get the matovial for a large 
mirror than for a large lens. 

Second (and iiuinediately connected with tho in’eceding). The poMlbUiUj 
of making reflectors muck larger than refractors. Lord Uohso’h great mdimtor 
is six feet in diameter, while tho Lick telescope, tlm largest of all rofraeloi H, 
is only three. 

Third. Perfect achromalmx. This is unquestionably a very grout advan- 
tage, especially in photographic and sj>cctroscoi)io work. 

But, on the whole, tho advantages arc generally eonsidored to lio with ilin. 
refractors, 

In their favor wo mention : — 

First. Great superiority in light* No mirror (iiuloss, a frcuhfy 

polished silvcr-on-glass film) mficiota much 
more than threo-quarterfl of tho hmidoiit 
light; while a good (singlo) loim IviuiH' 
inits ovov 06 im* cent, In a good vn- 
frootor about 82 per cent of tln^ light 
roaches tho eye, after pa-ssiug tbrougli 
tho four louses of tho objooirglasa tmd 
oye-pieco. In a Newtonian ronoulciv tn 
average condition, tho tago fioh 

dom exceeds 60 per cant, and more 
frequently is lower than higlier. 

SecoiuL Beltei* definition , — Any HUgh t 
error at a point In tho aiirfiico of a ghisHS 
lens, whether caused by faulty workmiin- 
shipor by (liHtortion, affucts tlm direo- 
tion of the ray passing through it only one-tUrd as much as tho saino error 
on the surface of a mirror would do. 

If, for instance, in Fig, 12, an element of the surface at P is turned out 
of its proper direction, aa\ by a small angle, so as to take t!^c^ direotlou Mf\ 
then the ray \Vill be sent tojf^ and its deviation will bo Iwlca tho 

angle aPb* But since the index of refraction of glass is ai>out I Si tlnj 
change m the direction of tho refracted ray from II to r will only bo about 
two-lhirds of aPb* 

Moreover, so far as distortions are concerned, when a Ions bonds a littlo 
weight, both sides are affected in a nearly compensatory wmnnr;>’, 
while in a mirror there is no such compensation. As a eonsequonco, lulrrorH 
very seldom indeed give any such definition as lenses do. Tho loanh fault 
distortion by their own woiglit, tho fllightoHt 
difference of temperature, between front and back, will absolutely ruin the 
image, while a lens would be but slightly affeotod in its porformanoo bv 
the same oiroumstances. 



Kiti, 12, Effect of Surface Errors In u 
illrror and In a Lens. 
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Third. Penmincnco* Tho ions, odcb made, and fairJy taken caro of, 
suffers no dotorloration from ago; but tim iiictallio speouliim or Lim silver 
film soon barnishos, and Jiiusb bo ropollshod ovory few yoars* nds alone 
is dcoisivo in most oasoa, and rologatos tbo roflootor mainly to bho uho of 
tliofiO who aro thomsolvos able toconstruot Iheir own Instruments, 

To those cousidciralioiiB wo may add that a rofraotor, though luoitj oxi>im- 
sivo than a roflootor of similar power, is nob only nioro perm anon t, and loss 
lilcoly to havo Its perform an oo affcolod by acotdoiital oirounistancos, but is 
lighku' and inoro convonionfc to uso. 

60. Time-Keepei's and Time-ReoordetB. — The Oloeh^ OhYonom 2 l(ii\ 
and Gkronogmph^ — Modern praotloul nsfcrononiy owes Its devolop- 
niont as much to the clock mul chronometer ns to iho telescope. The 
ancients posHessed no uconrate liiflfcruiuenLH for tlio inciiHiironionb of 
tiino» and until within *200 years, the only romsoiiably precise method 
of (Ixlng the time of an Important observation, as, foi‘ Instance, of 
an celipso, was by noting the allUmh of bho sun, or of some Icnowm 
star at or very near tlio moment. 

It is true that the Arabian astronomer Ihn .Toimls had made soiiio 
uso of the pendulum about the year 1000 A.n., more bliiin 600 years 
boforo Galileo introduced It to lOiiropeaus, Hut it was nob unbil 
nearly a century aftor Galileo's discovery tiuib lluyghens applied It 
to tho construction of cIooUb (In MJr)7). 

So far as the principles of constrimtion m\ concerned, there Is im 
(IKTeroiico between an astronomical ulock and any other. As a ihalku* 
of couvonloncG, however, tho astroinnntcal clock is almost Invariably 
imulo to boat seconds (rarely half-seconda), and has a eoiisplcuoiih 
Hecoiul-liand, while the lionrduind makes lint one rcYobillon a day, 
instead of iw(), as usual, and the face Is marked for tweniy-rour hours 
Instead of twelve. Of course it Is conslriicbai wilb exlreme (uire in 
all rcspiuds. 

'r/m ICmuipcwv.ufi (»r is ofUm nf Ihn fonii known a>i ilm<‘(iniliani 

Dcad-hnjit but IL is iilso fnupinnUy one the nuuioniiiH <*gravii.y ” ch(iii|hin 
inmils wliirb liiivn bisin invnided by ingmiions incrlnudcijuis, 'riinollh'fHjf 
the eseiipiniLniit is In bn milcndoid by thn ]inndnhiiii at nai*h vllira(ii)h, so 
as (o jiin’inlL Ihn wlii'<‘Uwork Ln advauen one sivp, iiiiirldrig a semnd (or Hrmin- 
l.liiicH two Hissnids), upon thn nlonk-raon; while, at tho sanin tinu', llio 
nicnt glvcii I ho pijnibilnin a slij'ht inipulno, Just iM|iml h» (ho rosiiihoien It lue^ 
Hiiilorisl la poiTnnniiia ihn iinlnokiiig, Tlin wnrk diinn by IIjm (Knididmo in 
"uidoeidiig" llin Iniin, tnut thr von'espondhuf mr/od-sr, unghl /o IfV prv/rrffg 

i'.nusfittifi in spllo of nil cliaiino.s in of llo' Iridn iif whonls; tuul 

it is ilfsinihh't not vnawduft limb ihln >York nlinnld lx, ns amtill an 

piiHsihli], 
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61., Tho pendulum itself is usually suaiHMuled by ii Hat nud 

great pains should be taken to have tlie support oxtroimdy linn ; this 
is often neglected, and the clock then cannot perform well* 

Compenscdion for 7''emperature. — In order to keep ptudcct liino, 
the pGudiilimiinust be a compensation pendulum*^ ; (lonHlrnolml 
in such a way that eliangos of toinpurntnre will 
not change its lengtln 

An imconipcnsatod pmululuin, with sUad mtl, 
changes its daily rate about one- third of a sc^cfuid 
for each degree of tomperatnro ((unitiigriulo) , 
A wooden pendiiluni rod is Iuhm alT<!C!tiul 

by teinpcraturo, but is very apt to bo dis turbos I 
by changes of moMim. 

i'i' 




1 
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Graham’s morcurial pimduliim (h'ig. Id) Ih thiv 
one most coinnionly used. It con.sists simply of a 
jar (usually steel), thnao or four inehoH in diajiieterj 
and about eight iiiclios liigii, doiitiiiniiig forty or fifty 
pounds of meremy, and suspemhul at (kn end of a 
steel rod, When tho tomperatnro riHes, tim rod 
lengthens (wliioh would make tho olook go slower) f 
but, at tho same timo, tho mercury expands, fi'nin 
the bottom upwards, just onougl; to conipensulo. 
This pendulum will perform well only 'W'lien iH»i 
exposed to rapid cliantjas of tomiKiraturo, Uinhu' 
rapid clianges the compensation lays. If, foi' in- 
stance, it grows warm (juiokly, the rod will oxpnnrl 
before the mercury does j so that, whlk thv. rnmninj h 
(jYowhuj wnr?«<9r, the clock will run slow, tlunigli anur 
Fig. 13. it has become warm tho rate may bo all riglit. 

CompensnCon PendiauraH, A Compensation pendulum, construe t<?« I <»n tin 4 

2 ponduliim of Harrison, 

n ,, «m. but of zinc and shoel instond of In-nas and ulctd, in 

adinstPfl i» ti W noil HO otiuily 

£ S S at 1 'Vhon proiwly ,n«do tho , .and, an- 

Zimt r I alteiations of toinpomturo inucli holtor llmu 

It tho end of rXpl “'"i’ licndulum-hol). a lend cyliudov, Ih hmiK' 

at the end of a steel rod, which is susL)ended from th« ton of a /! ,« n.l.o 

sining. The standard clock .at Greenwich has a pendulu.u of thin khul. 

68. Effect of Atniospherio Pmsuve In (ionsodiiencc of iI... 

buoyancy of the air, and its resistance to motion, a pendulum awingn 
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ft HtMo inoro slowly tliaii it woiiUl in vamio^ and cvoiy cimiigc In tiio 
(Icimity of the air alfoalH its rate nioro oi* loss. Wltli iiioruin’iftl 
pcndiiliiniB, of ordinary construction, tho ^^havometrk coefficient^** 
as it Is called, is about ono-tliivd of a flocond for an inch of tho 
barojiieter; i,e.y an increase of utiiiospherlo dniiBlty 'wliich would 
raise the Imrojnoter ono inch would inako tho clock lose about ono- 
third of ft second daily. It varies consi dor ably, however, with differ* 
out pendulums. 

Jfcis not V(?ry iLsiial U) take any notice of this slight disturbanco ; ]>ut , 
wiiGii tho ovtreiiKist aoourany of tinavkoopiug is aimed at, the eloolc is oifclior 
scaled ill ail air-tiglifc ojiso from which tlio air is partially cxlimiHtcd (as at 
Ihwlln), or else Homo spiioial mcohanlsm, controlled by a Imronudor, is de- 
vised to eoiniKjiisato for tho haromctric cliuiigos, us at (ireoiiwicli. In tlin 
nrooinvicli clock a magnot is raised or lowered by the rise or fall of tlio 
mercury iji a barometer uLtaoliod to the cloolcK^aso. Wlion tlio magnet rises, 
it niiprouehoH a bit of iron two or fclu'oo iiiclies above it, fixed to tho bottom 
of tho ixMidiiluin, and the increaso of aUraotlon aconlerates tlio rate Just 
oiiongli to balance tlio retardation due to tho air’s increasod doiisity and 
vi.sc(?.sity. There are several otljor contrlvaiufos for tho same purpose. 

63. Error and Rato. — Tho error,*’ or correction** of a clock 
Is tlio lunonnt that mud he addpAl to the indicatioji of the clock-faco 
ftt finy moment in order to give tho true Lime; It i«, ilicroforo, plus 
( + ) when llic clock Is doiOy and minus { — ) when it Is fad. Tito 
rate of a cloelc 1 h tlio amount of Its daibjgain or Ions; phis ( + ) wiioji 
tho clock \H losinff. Sometlmos fclic hourly rate is used, hut ‘‘ hourly ** 
is then always Hpecined.' 

A clock is ono tlmt has ii eondant vale^ whether tlnit rate 

1)0 largo or small, Jt is doslrablo, for convonlojico* sake, thnbboth 
error and rate should bo small ; but this Is a inero niattor of adjust- 
ment by tho user of tho clock, who adjusts tho error by sotting tho 
hands, and tlio rato b}^ raising or lo^vcrlllJ^ tho pondulum-bob. 


'“Jlie final adjustment of rato is often obtained by Arab setting the pendu- 
lum-) mb HO that the oloek will run slow ft second or two daily, and then 
puLiing on the top of the lM)b little weights of a gi'aiimm or two, whioli will 
ftccolei'ftto tlio motion. They can ho dropped Into place or knocked off ^vith' 
out stopping the clock or [wreeptibly diRlurbing it. 

Tlio very host oloolcH will run tliroo or four yofti'fi without lieiug stopped 
for cleaning, and will retain tlieir rate without a cliango of move than onO' 
fifth of a soGond, ono way nr tlio other, during tho whole time. But this is 
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exceptional performance. In a run as long m that, moat olonkn M^onhl 
be liable to change their rate as much as half a second or mort^ and U) dn 
it aomeNvhat irregularly, 

64* The Chronometer. — Tho penclulnm-elock not bein^ porlnblu, 
it is necessary to provide tirnG-koepors that arc. Tho chronoinuler 
merely a carefully made watch, witli a balance wheel ooinpcimntncl 
to nm, as nearly as possible, at the same rate in difforoiit loinporu- 
turcs, aucl with a peculiar escapement, which, tlioiigli uiiRulted to 
watches exposed to ordinary rough usage, gives better rey lilts than 
nay other when treated carefully. 



rho box-chronometer on ship-board ia UHiially about twico tho diaiiiotor 
of a common pocket watch, and is mounted on gimbals, so as Co koon liori- 
zontal at all times, iiotwithstaiiding tho motion of tho vessel. It uanaily 

as peifeot a temperature correotion os in the pendulum. For thla and otiior 
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roftsoii.s' tho host olironoinetoi’s oaiinot qiillo coiiipoto witli tho best olockfl in 
preoisioii of tinie,-k(Mipiiig| hut thoy uvo Runicieiitly acourato for most piir- 
poaeH, and of coui'so tiro vnflfcly iiinro coiivonioiifc for field oiwralloiifl. Tlioy 
avo simply indiHjwiiaablo at sea. Nevef turn the hands qf a chwnomeler 
hackwitriL 

65. 11 of or 0 tho invontlon of tho tologrnph It tv tie ciistoiuarv to note 

time moroly “by oyn iiml car,” Tlio observor, Iccoping hie time- 
piooo near lilin, listened to the clock-boats, and estimated as closely 
as ho could, In seconds and tenths of Hocoiids, the moment when llio 
phenomenon lie was watching occurred — the moinont, for instanoo, 
Tvlmii ft star passed across a wire In tho votlclo of his tolcBCopo. 
At present tho record Is usimlly made by dimply proestng a, “ key” 
In tho hand of the obsorviji'i and this, by ii tclegraplilo eoniicctlon, 
makes a mark upon a strip or slioct of paiJcr^ which Is moved at a 
nnlform rate by cloek-TVork, and graduated by sooonds-slgnals from 
tlm clock or olironomotcr, 

60, Tho Chronograph, — ^Tlds is tho Instrument wliloh carries tlio 
marklng-pon and moves tho paper on which the tbne-rcoord is inaclo. 
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Kiu. ir>.— I’nrt (if i> (fliniiiiiHirii|>li Uouiiril. 

The paper Ib wraiipcd upon a oy Under, slxor soT^n i holies in diamotor, 
and fifteen or sixtoen Inches long. This cylinder is inado to roT'olvo 
once a minuto, by clook^^York, while tho pen rests lightly upon 
tho paper and is sloTvly drawn along liy a screw-motion, ho that It 
marks a continnons spiral. Tim pen Is carried on tho arnmturo of 
nil olootro-inagiiot, wliteh every Other second (or somotlnieB ovory 
second) receives a momentary cuiTont from tho clock, causing It lo 
make n mark like those wlileli lireak tho lincH in the ilgnre aimoxod. 

Tlio hoginning of a new minute (the GOth boo.) Is imlloated either 
by a double mark as Bhown, or by tho omlsnlon of a murk. Wlion 
tho observer touohos his key lie uIho sendB a current through tho 
magnet, and thus Intorpolutos a mark of Mh own on the record, m 
at X in the llgiiro : tho he(jinniiifj of tho mark Is tho instant noted — 
in tlilB caffb 64,0*. Of course tlie minutes Tvlum the chroiiogrnpli was 
started and Btopped are noted by tho observer on tho flhoot, and so 
onablo him to Identify Uio mlnntoB and ueconds all through tlio record. 
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Many European observatories use oliroiiogviiplia in winch 1 bn hjcoinI \h 
made upon a long fillet of paper, instead of a slicofc on a cyliiuhn’. 'Dm 
instrument is lighter and cheaper than tlio Ainorican form, but niutdi h'Hs 
convenient. 

The regulator of the clock-work must be a ‘‘ continuous ** roguhitor, work- 
ing continuously, and not by beats like a clock-cscapeniont. 'riiorti nro 
various forms, most of wliich are centrifugal governors, actiiij^ oilheu' by 
friction (like the one in the figure) or by tlio rc.sistauce of thn iiir; or 
“sprihg^governovs,’* in which the motion of a tniin, with a i)V( 5 tty luMivy 
fljMvheel, is slightly checked at regular intervals by a pouduluni. 


67. Clock-Breaks. — The arrangements by whicli the olook Is niiulo lo 
send regular electric signals are also various. One of the earliest and ah nplosl 
is a fine platinum wire attached to the peiuluhuu, wliich swings through n 
drop of mercury at each vibration, All of tlio arraiigonumts, how(W<vi> in 
which the pendulum itself has to make the electric contact nro objoctiomibln, 
and for clocks using the Graham dead-beat sc ape inoi it no absohiUdy Hiitiw- 
factory means of giving the signals 1ms yet been devi.scd. Clocks with the 
gravity escapements have a decided advantage in this ros])ect. T'ludr wluud- 
work has no direct action in driving tlie ponduluni, and so may be imule to 
do any reasonable amount of outside work in the way of ^Mcoy-nuiuipuhi- 
tion*’ without affecting the clock-rate in the least, Usually a wlienl on the 
axis of the , scape-wheel is made to give the oloctric signals by toucliiiig u 
light spring with one of its teeth every other sccoucl, 

Chronometers are now also fitted up in tlm same way, to bo uscnl with Miu 
chronograph. 

Ihe signals sent are sometimes breaks” in a continuous ournmt, and 
sometimes » makes” in ^an open circuit, « Usage vano.s in this rtmpcct, and 
each method has its advantages, Tlio break-circuit system is a Hfclln siniphm 
in Its connections, and possibly tho signals are a little more sharp, hut it 
involves a much greater consumption of buttory material, as tho curnmt is 
always circulating, except during tho inomeiitary breaks, 


08. Meridian Observations. -A large proportion of all nHtroiionil-. 
eal observations are made at the time when tho heavenly body 
observed is crossing the meridian, or very near it. At that nioinmit 
le effects of refraction and parallax (to be discussed lioroafLer) ar,! 
a inuumiini, and as they act only fn a vertical plane, they do not liiivc 
any influence on the time at which the body crosses the moridhui. 


68. The Transit Instrument is the instrument used, In conncotioi 
with a clock or chronometer, and often with n olironograpl, also, t, 
observe the time of a star’s « transit” across the meridian. 

I '*! yidereal) clock is kno^yn at tlie moment, tliii 

ion will determine the right ascension of the body, whitili, i 
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will ho rtMiitniilJorecl, \h Kiii»[)ly the sUlercid lime at lohich il (vrosses the 
meridian; i.e., Llio iiuinborof hours. inimitoH, and hquoikIh by wliich it 
folio wa tho vernal equinox. 

Viiui verm^ If the nght, ascciiaion in known, the error or enrroction 
of tile clock will ho dotonniiicd, 

Tim inatrinncnt (h^ig. HI) eonslsta esBontially of i\ toleaoopemoimted 
upon a B tiff axia porpoiullculur to the teleacopo Uilm, This ax la U 
placed horizontal, caat and went, and tiirnH on nt Its extronii- 

tloa, In Y-lmiU'lnga upon Urn top of two llxed pleru or pillarB. A 



Biimll gradmitccl circle la attached, to faollttalc ♦‘Hotting^* tlio tcloHcopo 
at any dcaignated altitude or doolhmtlon. 

TJm tcloHcope carries at the oye-ond, in , the focal plane of thu 
object-glasa, a reticle of some odd inimber of vortical wires, — live 
or inoro,— one of wlileli in always In the centre, and the oiboin 
are usually placed at equal distanooe on each aido of it. One or 
two wires also cross the Held horizontally. 

If the pivots are Inio, and the instrumout aconmtely adjuBt'od, It 
la Qvldont that the central verUcal wire will alivaye follow the mei'idUm 
as the inatnment is turned; and the Instant when n star orosBoe this 
wire will bo the true moment of the star’w meridian tranHit. Tlio 
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object ii\ having a miinber of wires is, of course, snu|)ly to gain 
ace ii racy iiy talcing the in can of a number of olisorvations instmid of 


tie pending upon a single one. 

In order to the axis properly, a dolieiite .spirit-level is an 

essential adjunct; It is usiml, also, (and important) to provide ti con- 
venient apparcUns^” by which the instrument can be 

turned half round, making the (Mistcj’n Jind 
western pivots change places. 

The instrument must be thoronglily stiff 
and rigid, without loose joints or shaky 
screws ; and the two pivots must be aeou- 
rcttebj rounds precisely in line, with each oiher^ 
free from tapers and precisely 0 / the same 
size; all of which conditions maybe summed 
up by saying that they must he porilons of 
, , , one and Ike seme qeonietfical cylinder* 

Fid, 17, — Kotlclo of Oio TninsJt 
Instrument. 



Tlio proper construction and grinding of 
those pivots, which are nsnally of hard boll metal (somtddmos of .sit'd), 
taxes the art of the most skilful mcclmnician. The Itwol, also, is a delioaie 
iustn uncut, and dlrtieult to construct. 

Provision is rnade, of course, for illuminating the fioltl of view at niglit 
so as to make tiio roticlo wires visible. Usually one (or both) of the pivots 
is pierced, and a lamp throws light throngli the opening upon a small mirror 
in tile centre of the tube, which reHeots it dowm upon the rotiohi. 

The Y's are used instead of rouiul bearings, in order to provtnit tuiy 
rolUny or ^ihake of the pivots as* the instrument turns, 

Pig. 18 shows a modern transit inatruinent (portable) as actually con- 
structed by Fanth & Co. 


Another form of the instrument is much used, winch is often 
designated as the ^‘Broken Transit,^’ A reilectov in tlie oentral cubo 
throws the rays coming from the object-glass, out at riglit angloB 
through one end of the .axis, where the eye-piece is placed ; so that 
the observer does not have to change his position at all for diiTer- 
Gilt stars, but simply looks straiglA forward horizontally. It is very 
convenient and rapid in actual ivork, but the observations I’eqnire a 
conaidernble^eorrection for flexure of the a^is* 

60 , Adjmlments* — (1) Focus and vorticality of wires, (2) Collimation, 
(3) Level. (I) Azimuth. 

First. The flrst thing to do after the inatnimeiit is set on its supports and 
tlie axis roughly levelled, is to adjmt the relicU* xflo oye-pioco is <lrawn out 
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or pushed hi until tho wires appour poriootly sliiirp, and then tho instruinoiil 
Is directed to a star or to somo ditianl ohjoot (not less tliaii a inlle nw(V7), 
fcnd without disturbing tho oyo-piooo, tho sliding-tulio, whloh oorrlos tho 
retlolo, is drawn out or pushed In until tlio ohjoot is also distiuot at tlie 
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same time with the wires. If Urn adjustmoiit is ecH-nuitly made, inntioii oi 
the eye in front of Iho.eye-xhece will not prodiujo any appavent (lispln<unn<mt 
of tlic object in tlio field, with reference to the wires. 4\) te.st the vin'f ieiility 
of the w'ires, the telescope is moved up and down a litlh^ w'hile looking’ iit ( In^ 
object; if the axis is level and the wires vertical, the wire will not move oil 
from tlie object sideways. There are screws provided to turn iho ridhde a 
little, so as to effect this adjiLstment, 

When the wires have been thus adjusted for focus and vertieiility, Mm 
reticle-slide sitoiild be tightly clamped and never disturbed iigaim 'ITm r7//> 
piece can be moved in and out at pleasure, to seeure distiiudi vision for dilVer- 
eiit eyes, but it is essential that the distance helween the ohJechijUm tind Itm 
reticle remain constant. 

Second, Collimation* The line joining the oxitical centre of iho objecL 
glass with the middle wive of tlio reticle is called tlm “ Una of coUimnthnf 
and this line must bo made exactly porxwiidicular to Uk^ axis of rotation 
by moving the reticle slightly to one side or the other by imnuiH of the 
adjusting screws provided for the The simxdeHt w'liy of (feel- 

ing the adjustment is to point the instrument on sonio woll-delinml dis- 
lanfc object, like a nail-head or a joint in brickwork, and Mien (Uiro fully 
to reverse the instrument without disturbing the stand. If tluj Jiiiddle 
wive, after reversal, points just as it did before, the ‘<colltmatbm** in onrrciot; 
if not, the middle wdre must be moved half way towards the obj(‘(jl by the 
screws. 

Collimator, — It is not always easy to find a distant objeot on whuOi in 
make this adjustment, and a “co/&a/or*Mnay bo substituted w’itli adrantjtgc. 
This is simply a telesooxDO mounted horizon tally on a x^er in front of the 
transit instrument, so that when tlio transit tohisooiie is liorizontiilj it cjui 
look straight into the collimator, wliicli ought to bo of about tln^ Hiiino 
as the transit itself. 

In the focus of the collimator object-glass are pluccnl two wires forming 
an X, and thus x>laced they can be seen by a tolescoi>e lookitig into tluj oolii- 
mat or just as distiiictlj’^ as if tliey wore at an infinite distance and really eodes- 
tial objeets. Tlie instrument furnishes us a mark optically celealild, but 
mechanically ^Yithin reach of our fmgor-eiids for illuiniiuition, adjimtinont, 
etc. If tlio xuev on which it is mounted is firm, the collimator cross in in all 
resxiects as good as a star,- and much more couveuiont, 

riiiid. Level* Ihe adjn,stment for level is made by setting a striding 
level on the x^h'ots of the axis, reading the level, then reversing tlio linnet 
(not the transit) and reading it again. If tlie pivots are round and of (he 
same size, the difference bet\veen the level-readings divoct and reviu'snd w-ill 
indicate the amount by which one iiivot is higher than the otlior. One of 
the Y s is made so that it can be raised and lowered slightly by mcmim of a 
screw, and this gives the means of making the axis liorizoidal, If iho 
pivots are not of the same size (and they never are ahsohaely)^ the astrononmr 
must determine and allow for the difference. 
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Foiirtlu Azimuth, hi onlur tluit Hm iiiHtnimoiit may iiulioato fclio meridiftii 
truly, its k%\h iniiHt llo exactly oast and wcatj i.fl,, its azimuth itnisb ba 00 '^. 
I'll is adJiiHtnioiit nuisfc bo in ado by iiioiiufi of obHovvatioua upon tlia atarfl, mul 
is an oxcollont oxamplo {if fclio niofcliod of sucooHaivo appmxiniftfc.ions, Tvliioh 
Is 80 cliaractcristio {)E ustronouucal Investlgafclon. (o) After udjustiiig care- 
ful ly fclio fooiiH and rolllniafcion of fclio instriiniont, \vq sob Ifc north and Boiitb 
hj mid levid it iia pmcisoly as posslblo. By looking ab fclio polo sfcaVj 
and reiiiemboring how fclm polo ilsolf licis with roforonco to it, oiks can on ally 
Hcfc the imtrnwmt pretty nearly; i.e.j within half a dognio or ho , ^J'ho itiiddlo 
wire will nowdoscrilio in tlio sky a vertical oirch), wliich crossoH tho niuridian 
afc tlio /Old til, and lies visry near fclie inorldimi for a ooiisidorablo dlstancQ 
each side of the zenith, 

(J») Wo must lusxt get an “ approxinmte ’* tiims} i.c,, sot our clock or 
ch 1*0110 motor nearly right, 'J'o do tlda, Hcdoet from fcho list of several 
liijiidrcd stars ill fcho Nautical AhnaniLo (whleli is to bo regarded in about 
the Ha 1110 liglifc with tho clock and tho spirit Icvid, us an iudispeiiHublo ncce.ssory 
to tho transit) a star wldidi is uhont hi cross tlm uioridian mar the zmith. 
Tlio diltercnco betwoen the right asueusion of the Rfcur ns given in l.ho 
Almanac, and tho time sliown l>y the olook-fnee, will ho viinj nearly tho 
error of the chick at the fchnoof tlui ohservation : not exactly^ unlcsfl tlio doc^ 
llmiLion of tlio afciir is such that It pusses exnr.tly thvougli tUo zenith, but 
very nearly ^ since the sfciir crosses the meridian lunir the /{inifcli. Wo now 
have tlio time within a sceoiid or two, 

(f?) Next turn down the telescope upijii sonio Aliminao stiiv, which is 
st)oii to oross the inoridliin within Id'^oC the iiole. Tb will ni>poar to movo 
very slowly. A littlo lieforo the time it should r 4 nich the morldian, move tlio 
whole fmmo of the instriniient until tho middle wire pointn iiiion it, and 
thou, by i nouns of the “ Aziimiili Sorow,'* whifih glv(m a slight lioih/.bntal 
motion to ono of tho 'i%folloio the hUiv until the indicated moment of 
di; i.e., until tlie olcMik (corrected for iikick error) shows on Its face tli 
right (iKuenslon. If tlio clock corriKJtlon hud been known wltli ubsoliit< 
noss, tho instrunioub would now bo truly In tho tnevidlau: as bho olool 
liowovor, Is only fcipproxlniato, tho instminonb will only Imj approxinin 
tho iTiorldluni but — niid this is tho easontial ^Kiinb — It will bo ver 
more nearly so tliau at fcho baglniiiug of tlio oisn’afcion. Tho suppoaod 
vcctiioss, amounting j^xirhapa to oiio or two socoiids, in tho liino afc wli 
insfcniinont was sot on tho oiro unipolar Btur will, on account of fcho sl< 
tion of tho star, make almost no poi'coptll)]Q dlffereiioo In tlio dlrcotioii 
to fclio axis, 

A repetition of tlm o^ieratlon may iwssihly be noodod to Boouro i 
do 3 lr(‘d pnmislon. 'Iho acouruoy of this azlimifch adjustment oaii tl 
vorlfled by thvoo suciiossivo ouhni nation s ” or transits of tlio polo a 
any otlier clroumpoliir. Tho intorval ooonpiod in i>assing frojn fcho, n^' 
the lower onlniliiatloii on tho west sido of the morldian ought, of c 
to ho exactly equal to fcho tlmo on tho ouBtorn Bido) twelve ai 
hours, 
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Gl, The final test of all the ndjiistmenls, and of the aeoiiriito 
of the clock, is obtained by observing ii number of Alnninuc HtiuH of 
widely different declination. If they all indicuto' idmticctUy the Han^l^ 
clock eon ection, the instrument is in adjustment j if not, and if the 
differences are not very great, it is possible to deduce iVoin tiio 
observations themselves the true clock error, and tlio jidjiisLiiicnt 
errors of the instnimont. 

It is to be added, in this connection, tliat tho astronomov can never assmiuj 
that ci(lju!^lment8 are perfect: even if once perfect, tlu\y ^YOllUl imt stay so, c>n 
account of changes of teinpevffture and other causes. Nor are obHin-val ions 
ever absolutely accurate. The problem is, from observations move <ii' less 
inaccurate bub homaty with instruments more or le.ss maludj listed but JiviUy in 
find the result that would Imve been obtained by a x^crfect o))sovvaiiiou ^Yitll 
a perfect and perfectly adjusted instrunieufc, It can bo more imarly diJiio 
than one might suppose. But the disciussiou of tlio subjtjot bidong.s to 
Practical Astronomy, and cannot be entered into hero. 

62. Prime Vertical Instrument, — For cortuin purpoHcB, a Tninnii 
Instrument, provided with an apparatus for rapid rovorwiil, in Uirruul 
(piartor-way round and mounted with tho. axis norLh and ninUh^ ho 
that the plane of rotation lies east and loest^ instead of in tho in (‘In- 
dian. It is then called a Prime Vortical Transit. 

83. The Meridian Circle. — I ii 
order to dotermino tiie .Dedina^ 
tio7i or Polar DiMance of an 
object, it is necessary to liavu 
some instrument for nuniHin iii^ 
angles ; mere tiino-obBurvutlonn 
will not sidlhje. The ins tr union L 
most used for this piii'poHO in tlio 
Meridian Girde, or TraursH Oir- 
clCy which is simply a transit lii- 
stnimeiit, with a graduated clndo 
attached to its axis, mid revolv- 
ing with the telescope. Some- 
times there are two oiredoB, one 
■ I’lu.lO,— Thu JXerlUiuii (Jlrclo (Suheumilc), Cach Clul of tllGNaxls. 

■ Ifi represents tlie luHtru- 

iiiont seliemntically,” allowing merely the essentinl parts. Fisr, 2(» 
IS a nierulmn circle, with a <i-iuch telescope, coiistrueted by Fiuitli 
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Fin, 20. — Meridian (Jllulit. 


A n, lUo Mienjsuoixw. J?, the OJmjip, C/, the Taiigoiil Setow. 

A, lliu UniiluMlod (Jlrolo. lha Ijove^li onlyiihcod In poBllton MonMloimlly 

IT, lliu lloiiRlily tlradimloa HL-tUnfl (llrolo. M, tlio IH«hl AHCoiifllon Ariaroinelpi-, 

fi llu' Tiidiijj Mloniflooiw. 'I'IiIb ih iimiiilly, liowovor^ //'JK, wlil(^fi iwrl ol Hw weJtfl 

pincod half way lietwoijn A and 1), of Uiu ln«truiiicjii off from ilio Y*j. 
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Ill observatory instriiinoiits the circlo is usually from hvo to four foot in 
[liamoter; larger circles were ouce used, but it is found that tlieir waight, 
and the consequent strains and flexures, roudei- thoni actually less ticenvaLo 
than the sinallev ones. The utmost resourc(5s of luoobainoal art aro ex- 
Imiisted in making the graduation as prociso as possible and in providing for 
its accurate reading, as well as in scouring tlio inaximinn firiuuess ami sta- 
bility of every part of the instrument, The actual divisions avo usually 
5' apart (iu very largo instruments sometimes only 2^), but tbo circle is 
read ” to seconds and tenths of seconds of are by means of rmdiwj m umh 
^co}m) from two to six in number, fixed to the pier of tbo instrument, lii a 
circle of forty inelics diameter, 1" is a little less than nn inch, 

inch), so that the necessity of fine workmanship is obvious. 


64. The Reading Microscope (Fig. 21), — This consists essen- 
tially of a compound jnici’oscopG) which forms a mngniiled imago of 
the graduation at the focus of its object-glass, wliorc this imago is 
viewed by a positive oyo-piooe. At tlio 
place where the image is formed a pair of 
parallel spider-lines or a cross is placecb 
movable iu tbo piano of the image by u 
*‘miorometer screw f.e., a flno screw 
with a graduated head, usually divided into 
sixty parts. One revolution of tbo screw 
curries the wire of are, which iimkos 
one division of the scrow-hoad 1'', the 
tenths of seconds being estimated. 

The adjustment of the mioroscope for 
runs,'* as it is called (that is, to make one 
revolution of the micrometer screw exactly 
equal to 1'), is efToctod as fonow.s. by sotting 
the wires first on one of tlio graduation marks 
visible in the field of viow, and then on tlm 
Fit?, 21. — Tiie RcRcUtig iMicmcoro, next mark, it is immediately evident whotbor 
five revolutions of the screw over or 

fall short of 5* of the graduation. If they overntny it siiowa that the In > ago 
of the graduation formed by the microscope objective is too small to fit tlm 
screw, and vice-versa, Kow, by simply increasing or decreasing the distance 
/I /i between the objective and the micrometer box, the size of tlio imago 
can be altered at will, and the objective is therefore so mounted that this 
can be done, Of cour.se, every change in the length of the microscopn tube 
will also require a readjustment of the distance between tlie <Oimb," or 
graduated surface, of the circle and the microscope, in order to seen re distinct 
vision ; but by a few trials the adjustment is easily made sufTicicntly precise. 
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TliG of tlio oii'olo in ntt folio wh : An oxtm imlox-microsoopo, 

with low [wwiiV and hn’go fiokl of view, nhowa inBpccLion the dc- 
gi'ocH mid inliititx?ft, Tlio romlliig-mioroseopoa am onl}* ii8ed to glvo 
tho odd B(MU)iu1h, wliloh Ih dniio b}* taming the H<n’nw until tlici ptimllel 
BpIdordinoH nro iiiiido Lo lunhidn oiio of llio gmdnatloii liiiOH liiilf-way 
bofcwotm thcniHolmH; tlio hoad of tlio sci*c\y timn hIiowh diroctly tlio 
ticcoiids and lontliSi to lio added to tlio dogToen and iniiuitiGB hIiowii - 
hy tlio iiulox, Tliim in Idg, 22, ilm reading of tho nilcroscopo is 
11^ 22^M, the being given by tlm mde in tlio Hold, tho 22^M by tlic 
Borew-hend. ^ 


66 , Method of ohsorvinga Star,^ — A nilnnto or two hofnro tho atar 
remiliOH tlio uuwidlmi tho iiiHtruiiionl; is approxiniatoly pointod^Bo that 
tlio Htai* will ooino into tlio Hold of view. Ah hooii iih it inalcoH its 
uppcaninoo, tlio iimtrinmint 
iH moved by the hIow-juo- 
tloii tangent- Hcrow until 
llio Hlar irt biHoettar' by 
Llie fixed horizontal wire 
of tiui refclolo, and tho 
Htar Ih kei)t bmiaded niitll 
It roaohoH tliu middle ver- 
tloal wire \yUM\ niarkH the 
meridian. Tho niicromtopoH am tium road, and their njuaii roHiiit Ib 
the Btar\H elmle-roadfiig.’^ 




(l 

1 1 





Kin. t'liilO lit Vluw of UiMnllriM 


Fi'iKinetiMy Mm Htiir U blfluototlp not hy niovliig the wliolo hi 
by iiKvihH of a “ inleroiaotor wire/’ wldoli luovi^H up and ilnwii . 
view. 'Che mtoroMietor reading then Inm to be ooinhliiod with 
of the inioroHooiKi, to got tho true oiroliH’nad lug, 


66 . Zero Polnta. — In deterinlnlng tlm deollnatlon O’ 
altitiidoof II Htar by nieaiiM of itn olmlo-readlng, It la in 
know the zaro potnl^' of tlm oirole, For dcolliiatloim, 

[)oint"^ in nltlmr tho polar or tlie equatorial reading of tlio oinuu \ 
the rojullng (jf the elrele whem tlm teloHOopo Ib pohifcod at tho 
or at the Cfpmtor, 

!Z 7 in }H}lar 2^oiiU" may he found by obnorvlng aoino clmntnpolar 
Htar above tho polo, and again, twolvn lioura latur, holow It. Whon 
tho two olmle-readingH have beon dnli/ corracled for rfift^aoHoii and 
inslnm(^)d(d their iin>iin will be the tmlar [lointi 
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Suppose, fov instance, that 5 Uvsfti Minoris, ut Ukj “ uppcn- (sulnuuation/^ 
gives a con'octed reading of 52° 18' 25", 8, >Yliilii at tlio lower enlmiinitiou ihn 
reading is 45° 31' 35",7, then tlie mean of iiiose, 48° »5,5' 00". 5, is tho polar 
point, and of eouvse the equatorial reading is 138° ,55' 00". 5, — junt 00^^' 
greater. The polar distance of the star would bti tho halfidijjercnce of Mio 
two readings, or 3° 23' 24", 8. 


i^rom 


67, Nadir Point. — The determination of llio fK)lar pf)int rmpuri'H 
two observations of the same star at an interval of twidve lionrK. It is 
often (lifflcult to obtain such a pair ; moreover, the refraclhn ( join pH- 
cates the matter, and renders the result less trii^^tworthy. Accord- 
ingl}^ it is now usual to use the nadir or the horizontal reading an the 
zero, rather than the polar point, 

The nadir j^oint is determined by pointing the teles cope down- 
wards to a basin of mercury, moving the telescope until the 
of the horizontal wive of the reticle, as seen by reflection, coiiicldcH 
with the wire itself. Since the reticle is exactly in the principal 
focus of the object-glass, rays of light emitted by any point; in tbe 
reticle will become a parallel beam after passing tiio lens, and if tins 
beam strikes a plane mirror perpimdlcntaiiy und 
is returned, the rays will come just as if fnnn a 
real object in the sky, and will form an image 
at the focal plane, When, tlun'efore, tbo images 
of the central wire of the reticle, seen in the 
mercury basin by reflection, (loinddeH with 
wire itself, wo know that tlio line of eoHiiimliim 
be exactly porpoiidiculav to the Hurfiuui of 
' the mercury j vertical. 

To make the image visible it is necessary to illninimitu the retiole liy liglifc 
thrown towards the objeeb-giass from beliind tho wires, insleiul of light 
coramgfrom the objeet-glass towards tbo eye as usual. This iKMiullnr illii- 
niination is commonly effected hy means of Holmoubergnr’s "colli inuUng 
eye-piece," shown in Fig, 28. Tii tho simplest form it is mm-ely a (irnniuoii 
Itarasden eye-piece, with a hole in one .side, and a thin glass plate iuHurted 
at a'l angle of 45°. A light from one side, entering through the hold, will ho 
(partial y) reflected towards the wires, and will illumluato them snllhiiontly, 

IhB JiorKonlat point of course differs just 00° from the nadir point. 11 
may also be found independently by noting tho cirolc-roadings of somn star 
observed one night directly, and tho next night by vefloctiou in moreury i or. 
It the star is a close cironmpolav, both observations may bo made tho ainno 
evening, one a few minutes before its meridian passage, the other just as 
oiig a ei. 11 the method of the collimating eye-piece ia fully as ac<Ull■ail^ 
and vastly move convenient, 
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68. Differential Dbg of the Instrument. — Wo now know the plaoea of 

gevoi'/il h in id rod Htiu-g with ho tiiuoh prooiBioii tliat in many oasoB ifc Is quite 
finflicioiit to obsoi'vo oiio nr two of tiicao Rtarii** in oouuecbion with 

Iho l>odi(?s wlioHo plncos wo wigli to dotovmino, Tlio difforoiico between the 

ilia Lion of tbo known Htar and tliat of any star wlioso placo is to be 
dotonninofl, will, oC uoiirHO, bo simply tho di (Toro nee of their oivcle-reaflinffs, 
cnrn^idinl for rofrnotioii> etc, 'I'ho niorldiaii clrolo is eald to bo usod 
eniUOhj'" wlien thus treated. 

69. Errol’S of Gra(litatiou> etc. — If tlia oiralo in from a ropntnblo 

nmkor, and baH four or six microsnopos, and if tlio' obaoi'vatlonB aro 

carefully nnidn mid all tlio inici'Ott(;opo8 road eneli time, results of 

anlllcicnt preeiBion for inont piirposos may bo obtained liy moroly 

correcting tlm observations Ibr “riiiiH” and rofnictlon. Tho out- 

H tan ding errors on gilt nob to oxeoed ii soennd or two, Uiit when the 

lanthH of a second arc in qiiostion, the caso is dlfforont. Jfc will not 

then do for tho usLi’onomer to assiiino the acounuy of tho graduation 

of liiH eirisle, hut ho imiKt InvoBllgato tlio emj?'.'* nf Uh divii^Umfiy tho 

niTors of th(M/in!rome/er wrercs In tlunnicroHoopoH, tbc,/^e,i;/ire of tho 
\ 

Udescopo, and Lho (dleet of dinbrenoes of timiporatiiro in shifting 
tho /.om polntH of the oinde* by slightly disturbing fcbo ]H)BUlon or 
(llreetion (ff tiuj niicroHCtopes. Of <a>nmo this ts nob the place to 
outer into siudi details^ but It is an (qijiorlimlty to Inqn'oss again upon 
tho student the fae.t that Lnitli and aconracjy aro only aibabiablQ by 
inline use painstj iking and labor. 

70. Mural Oirolo. — TI iIh iuHtrinnont h in principle the sanio oa Uio 
meridian oirolo^ wbieli lias siiporwulod it. Ifc eoiiHlHls of a oirolo, carrying a 
teleHen^Hj mounted on tho face of a mall of innsonry (ns its nanio Impllofl) 
and free to revolve in tho piano of the nioridinn, Tlio wall lurniBboH a con- 
vohiont HUpporfc foi‘ the niiorofleoiwH, 

71. Altitude and Azimuth Instiniment. - Si nno tho transit iimbrii- 
numt and me rid I an <di’(do aro eon fined to tlio piano of tho in oriel Inn, 
their usefnliiess Is obviously llinltod. Meridian obflovvabions, wlion 
they are to be luul, are better and moro easily used than any othora, 
blit aro nob always attainable. Wo miist tlioroforo imvo instninioiita 
wiiieli will follow an object to any part of tho licavoiiH. 

The ftllilndo. and (OSimulh infttrimeni is slm[ily a surveyor's tlieoclo- 
lite on, a large scale. It has a liorizonUd clrolo turning upon a verti- 
cal nxh^ and read by verniers or mlerosoopos. Upon this clrolo, and 
luriiing with it, are supports wliloli carry tlio liorizonlcU axis of tho 
UileseoiKi with Its vertical (drele, also read by mlcroscopoa. Obvl- 
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ously the readings of these two circles^ when the instrunient is l>ro]>^ 
erly adjusted and the zero points determined » will give tlui iiltUucle 



and the body pointed on. Fig. 24 repveaenlH n HumU in. 

fltmmoiit of this kind. 
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72. The Eq^uatorial. — Thu osaontlal clmmctoristin of fchln InstniaiGiU 
Is Unit ithi [>riii(ii|)al axiH, i.c., Iho axis will oh rowts hi Jlxcd bearings, 
iiistoad of being eibliei* liorlzontai or vertical, 1% Inclined at an angle 
tn|nal to the latitiido of the place, and directed towards the pole, thus 
j^jlaclng it panillel to the earth’s axis of rotation. This axis of the 
instnmient is called its j?>o/rir axin; and the graduated circle which it 
crurrioH, ami which is parallel to the celes- 
tial equator, is called the htmr-drcluy bo- 
f 'aiiHO it^ reading gives the honr-anglu of 
tlio body ii[)on which tho telescope hai>- 
].)ens to 1)0 pointed. SoinetiincH, also, it is 
called tlm Right Ascension (/Irclo. lJ[)on 
this ])nlar-axiH are seenrod tho bearingH 
i)f the dtu'Mnatum which is pcrpeii- 
ilicular ti) the i>ohir axis, and (iarrics tlic 
tolescopo itself and the {leelination circle, 

In the ihstriimonts before deseiibed, the 
tc bioscope is a mere 2 >o(nto.)\ and wholly 
(subsidiary to the circles ; hi tho (‘(jimtorljil 
iJie hdi^scope is iisnally the nialn thing, 

:ind the circles are subordinate, serving 
jiily to aid the observer In llndlng or 
:ilentifying the l)ody upon wldch the telescope is diroet<Ml, 

Fig. 25 exIilbllH schcinatlcally the ordinary form of eqnfilorial 
iionnting, of whl(0i there are nninerous niodincations, Fig 20 is Llio 
23-incli Clark teloscopo at Princeton, and Flg» 27 is tlm '1-foot 
Molbounic rclk'ctor. The frontlsploou is the great hlolc toloscopo 
jt Ihlrty-slx inches diameter, 

The advantages of the equatorial mounting for a large txjloflcopo 
no very groat as rogards convonlonco. In tho first place, when the 
:olcscopo Is once [minted upon a star or planet, it ia only iiecosBary 

turn tho [mlar axis with a uniform motion In order to follow ” tho 
itar, which otherwise would bo carried out of the Hold of view In a 
'ow luoinents by tho diurnal motion. TIjis motion, slnoo It la uni- 
'one, cjiJi he, and in all large InstriiiiientH usually Is, given by clook- 
vork, with a coiitimions regulator of some kind, almilar to that used 
II tlie chronograph. Tho instrument once direeted and olainped, 
iinl tlio clock-work started, Urn obJe(‘t will continuo apparently Im- 
novuble In tluj Held of view as long as may lie doaired. 

In tho next place, It Is very easy to Hud an object, oven If Invisible 
Cl the naked eve, like a f^llnt comet or nebula, nr a star in the day- 
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time, iH-ovidGcl we know its decliimtiou and 
iiave the sidereal time ; for whieli reason a sulmoal 
nonioter is an indisuensablo adjunct of tlio equatorial. 


ascension, and 
clock or oliro- 





Fi«. 26.— The 23.|ncli Princeton TclcHcopo, 


To find an object, the telescope is turned in dccHnation until the voiulhift' 
of the declination circle corresponds to the deolination of the object, in id 
then the polar axis is turned until the liotir^circlo of tlm instnunont (not to 
he confounded with an hour-cirole in the sky) reads Iho Imtv^anfjle ol: the 
object. This hour-angle, it will bo romoinbered, is sinij)ly Iho dilTonnuni bn- 
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twcoii tlm ftifloroal llnio Jind tlio right a.scousioii of tlio ohjuct. ^'ho lioiir 
ftiigld iH (iast if th(i right asc'cnaioii exceeds the tlnio; Avest, if it is lcaa> 
Wlicii the hdcHuoiio is thus set, the ohJ<jot ^yill bo found (with ti low nmg- 
niCying power) in the Hold of view, miloss it is near tlio horizuiii iu wliicli 
ease rei'i'aotiuii must ho talcou into account. 



Eio. 2T. — Tlio Molbourna llonootor, 

AVliilo the In strain out o an not give very aeon rate deter mi nations o. 
the positions of bodies by the direct readings of its circles^ on aocount 
of the irregular flexures of its axes, it may do so Indirectly ; tliat is, 
it may be nsod to do ter mine very accurately tlio between 

the right aacenslon and declination of a comet or planet, for Instance, 
and that of so me neighboring star, wlioso place luia been already 
(lotorinlned by the meridian clrolo ; and this is one of the most iiii 
portant uses of, the instiTimout, 
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78. Tho Micrometer. — Micromoiens o?. vnrioiis sorts aro cinployLMl 
for the purpose. Tlic most cojnmoii and moBt genenilly useful is tho 


so-called ^\/ilar 2^osUio}i-viicromeler 



2iS, wliidi is an indispen- 
sable auxiliary of every good 
telescope. 

It is a small instrument^ inucli 
like tlie upper part of the rcuid- 
ing microsoope, but more com* 
plicated. It usually contains a 
I’Gtiele of fixed wires, two or 
three parallel to each other, and 
crossed at right angles hy a 
second sot, Then there arc two 
ortlircc wires paralUd to tho Hi'h! 
set, and movable by an accu- 
rately made screw witli a gradu- 
ated head and a counter, or 
scale, for indicating the numlan* 
of entire revolutions made by 
tho screw. The box containing 


those wires, and carrying 'the cyc-piceo and screw, can itself ]h\ 
turiiGd around iii a plane perpendicular to the o^iticul axis of tin? 
telescope, and set in any desired position ; for example, so that tho 
movable wires shall be parallel to tho celestial equator, while tho 



jther set run north and south. This position angle is road on a 
graduated circle, which forms part of the instrument. Means of 
illumination are provided, giving at pleasure oitlior dark wires in a 
bright field, or vice versa. 

With this instrument one can meastiro the distance (in seconds of 
tire) , and the direction between any two stars which are near enough 
CO be seen at once in the same field of view. This range in small 
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telusuoiJGS limy roach 80^ of arc; while in the larger instriimonts, 
which, with the Baiiio oyo-piooes have much Jiigh or magnifying powei’s, 
it is nocoBsurily Iosb, — 'iiot moro than from 6' to 10'. 

74. A now form of equatorial, Iniown ns tlio Eqmlorial Cotuld^ or Elhoioed 
Jiquatorial, has beoii rooontly iiitrcxhicod at tlio JVis ObsoiwaLory. With 
largo ins train cuts of tho ordinary form a great deal of hiconvonienco is on- 
ooantorflcl by tlio obson^GV, in moving about to follow tho oyo-pieoo into tlio 
various positions Into wliloh it is forced by tho inoonalderatonoaa of tho 



Fio. 00. — Tlio]C<iiwloriiil Uouiirf. 

Iioavonly bodies. Moroovor, tho rovolvliig doino, whioh is usually oreoied to^ 
sholtcr a gi^t tolascopo, i.s an oxcoodingly oiimbrouH and exponsivo affair. 

In tho ICquatoria] Coinld, h’ig. 80, theso diflloidtios aro ovorooino by tho 
iiBo of niirroi'fl/ Tho obsorvor sits always in one fixed position, looking 
obliquoly clown through tlio [xilar axis, which is also the tolosoopo Luho. 

Tho Paris instriimonb has an ohjoot-glasa about ton Inolios in ctiainoLor, 
and perforins very satisfactorily. Tho two^ roflootions, liowovor, cauHO a 
Gonfildorablo loss of liglit, and soino injury to tho doAnition. Tho mirrors, 
and the conaeqnont complioatlons, also add heavily to tho cost of tlio in- 
atruniont. Fig. 80 is from a photograph of this instruniont. 


76. All the instnimonta so far described, except tho olironomotor, 
are/a’flrf instruments ; of use only when they onu bo Bet up flnnly and 
oarefiilly adjustod to ostabliBhcd positions. Not ono of thorn would 
bo of tho slightest nso on shipboard. 
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Wq have HOW to describe the instrinuoiiL which, with the \w\\) o( 
the chronometer, is the aiaiii dependence of the mariiun’. It in nn 
instrnineiit with whio.li tlie observer ineiiBuroB the luigular distiinc^e 
between two objects ; us, for instance, the sun and the visii>le liori/on, 
not by pointing first on one and then afterwards on the other, but by 
sighting them bolh^ simiiUaneoiisly ami in tqiparent voinrJdena*; whicli 
can be done even when he has no fixed position or Btalile footing. 

76, The Sextant. — The grudnatod limb of tiio sextiint is (‘arrieii 
by a light framework, usually of metal, provided with a suitable luuuih^ 
X, The arc k about on e-six til of a circle, as the name implies, and 



Ki«. ai. — TUi) Soxtimt. 


IS usuall}^ fiom five to eight inolics radius. It bears a grtuluatlon of 
half-degrees, mmiiered an whole degrees, so that it eiiii iiieiiHiin) miv 
angle less than 120®. 

An index-arm, ” MUTin the figure, is pivoted at tlu- (-entni of tho 
arc, and carries a veriucr which slides along the llnili, and can Ini 
fixed at any point by a clamp and delicately moved liy tlm alliKilietl 
tangent screw, T. The reading of this vornUu’ giVes llio angle 
measured by the instrument. The best instruments road to 10", 

Just over the centre of motion, the 'Hndex-mirror ” Af, alioiit 
two inches by one and one-lialf in size, is fastened aoemrely to Hm’ 
index-arm, so as to bo perpendicular to the plane of tlio limb.. At 
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jF/, tlio Jioi‘i/.ou-gltiaa/’ about an incli wide and of the Bamo lioight 
an tlio indox-glasH, 1b Boourod nnnly to the frame of the inatrumout, 
ill such position that, when the vender of the indcx-nnn reads zero, 
tlio ijidox-miiTor and horizon-glaHS will bo parallel to each otlicr. 
Only half of the horizou-gluBB iH Hilvercd, the upper Imlf being left 
tranBiiaroiit. 7? la a small tclcBcopc. 

If the vernier Btaiulb iimr^ but not at zero, the oliscrvor look- 
ing Into tlio loloscopo will see together in the field of view two sepn- 
rato images of the object; and if, whilo still lookitig, lie alidcs 
tho vornier a little, ho will Bce that one of tlio iiiiagos ronmins fixed, 
wlillo the other moves. Tho fixed imago is duo to tho rays wlilch 
roach tlio objiM^t-glaas of tho toloseope directly, coming through 
tlio nnsllvorcd luilf of tho liorizon-ghisa : tho movablo Imago, on tho 
other hand, is produced liy rays which have sufTcred two relloctionH, 
— flj^st, from the Itidcx-mlrror to tho horix.on-glasg ; and second, at 
tho lower half of tho horizon-glass , When tho two mirrors are 
jnirallcl, and tho vornier reads zero, the two images coincide, pro- 
vided tho object is at a considerable distance. 

If Jiow tho vendor does not stand at or near zero, tho observer, 
looking at any objotit directly through the horizon-glass, will sco, 
not oidy that ohjo(jt, hub also wluiLevor other object Is so situated 
as to Hond Us rays to tho toloscoi)o by reiloetlon upon tho mir- 
rors ; and Iha rmdwy of iha vm^mar loill give the angle at the instru- 
ment helnmn the two ohjeeta ivlme images thns coinrAde; tho angle 
betwoon tho plaiios of tim two mirrors hoiiig just half that botwoen 
tho ohjoots, and tho iialf-dogroes on tho limb bolng luiiiiborod ns 
whole onoB. 

77. Tho principal nso of tho Instrument Is in measuring tlio altitiido 
of tlio sun, At sea the ohsorvur, holding tho instrument with his right 
iuiiul and kooping tho plane of tho arc vortloal, looks directly towards 
tlio visible liorizoi) at (.lie i>olnb mulor tho sun, through tho iiorlzon- 
glass (whenoo Us luimo) ; then by Jiioving tlio vornlor with Ills 
loft band, ho inollnes tho Indox-glass upwards until ono edge of tho 
rollootfld imago of the siin is brought just to touch tho horizon-lino, 
noting tho exact tlmo by tho chronometor, If noccssary. The rondliig 
of tho vornier, after corj'octlng for tho Homl-dlamotor of the eim, tlio 
dip of tho horizon, tho refi’aotlon, and the parallax (and for tho 
‘Mndox-oiTor of the sox taut, If tho vornlor does not road stvlotly 
zero wlion tho mlrroi*s aro parallol) gives tho sun's tnio altitude at tho 
mom out. 
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78. On land tho visible horizon is ol! no usjo, and wa luivo vininuvHO tu an 
artificial horizon f a» it is called. This is merely u shallow buHin of nieroui y, 
covered, when necessary to protect it from the wind, with a roof inudo of 
glass plates having their sides plane md j^aralleL 

Tn this case we measure the angle between the 8iin\s imago roflecicid in ( Im 
mercury and the sun itself. The reading of th(^ instrumont, <!orn!<!t(Ml for 
index-error, gives twice the sun\^ apparent altitude ; which apparrsnt altitiido, 

correct'd as before for ro fraction and 
parallax, but not for dip of Mm hnrizim, 
gives the true altitude, Tho skilful uku 
of the sextant rcqiiivcB Htoiidiiu'HH (d“ 
hand and considorahlo doxtorityl am I 
from the small size of tlio toleHoop(» tlu^ 
angles measnrod are of course less j>ro- 
oiso than if dotoviuinod by largo fixial 
iimtriimonts, lint its iu>rtabilil.y and 
applicability at sea rend or it ahsolniely 
invaluable. 



Fio, 32, — Principle of tlio Sextant, 


79. The principle that tho trim angh* 
between the objects whoso iinagifs coin- 
cide is twice tho angle hotwoen tU (5 jnir* 

, , „ (or between their normals) is misilv 

demonstrated as follows (Fig. 32) ; — 

The lay SJ/ coming from an object, after roflection first iiO M (tlici imlox- 
,T rtu-’ I'oi'izon-glass), is made to coluoido witli tlm 

ay Off coming from tho horizon. We must, provo tliat tlm anglo .S7vY), ht-- 
tween the object and the horizon, ns seen from tlio iwint E in tlio inslriinmiit, 

1?? toi*® “"r I’f nornmlH to i]m i„lr. 

rois, and therefore donWo Q', which is tho angle between tho iilanos of tlio 

mirrors, 

Pitst, from tlie law of reflection, we have, 

SMP^IIMP, or ,SJI/ff=; 2 XfWff, 

Similarly, MITE - 9 x MIIQ, 

of Urn triunglo 

q the sum of the opjwsito interior angles at 11 mid E, wo gut 
HEM =. SMH - MHE = 2 PMH - 2 MHQ = 2 (^PMII — MllQ) . 
Similarly, from the triangle ffjifQ, ^o have 
ffQ/1/= 

whicli is lialf tile value just fomifl fm* rzi^nf « i 

j ss loniici toi ITEM, and proves the iiroimsltioii. 
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Of coiii«C! with tlio BOX Unit, an with all other instninicnts, it is 
noeosflttry for tlio ohaorvci* who aims at the utmost proclsiou to hivcs- 
tigato, uiid take into account ita orrors of gmclimtion, construction 
and fidjuatniciit ; but tliolr dlsonaaion does not belong here. 

80. lioBidofi the instraments we have doecrlbod, tlmro are many 
others deaigiiod for special work, some of wliloh, ns the zenith tele-. 
Bcopo, and lie Home tor, will bo montionod hereafter aa it be conies 
necessary. Tlioro is also a whole class of pliysictil instniincnts, 
photometers, spootroscopcs, licat-nioiisiniiig iipplianoGs, and photo- 
graphic apparatus, Avhich will have to be coiiaidorcd,in duo time. 

But with clock, inoiidiuii oli'cle, and equatorial and tlioir usual 
aocoasorlca, all the fundanienUil observations of theoretical and spheri- 
cal astronomy can be supplied. The eh ro no me ter and sextant ai^ 
pructicuUy the only astronomical Instniincnts of any use at sea. 
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CHAPTER HI. 


CORRECTIONS TO ASTRONO^nOAlj OHSFU^ATrONM, Dll’ OK THIC 
iroUTZON, PARALLAX, SICMt-DIAiMF/lMCIl, UlOiniACTMON, AND 
T\YILIOHT. 


81, Dip of tlie Horizon. — In obsorvfiiilons of tlu? nltiUiilo of 
a heavenly body 'lit sea, whero the ineasiircinent is infulii from 
the sm-Um^ a correction is needocl on account of tlui ftu^t lluit 
this visible horizon (loos not coincido with tho true aHtvoiioinioul 
horizon (which is 00® from the zoiiitli), hut 

falls sensibly below it l>y an amount known 

as tho Dip of the Ilorhon* Tho avuoimt of 
this dip depends upon the size of tlm (uirtli 
and the heigiit of the obsorvor’s above 
the sea-level. * 

In Fig. 0 is the centre of llio otirtb, 
AB a portion of its level surface, and O (he 
olfserver, at an elevation h above A, Tln^ 
line 0/f is truly horizontal, while tlie tanp^mil 
Fig. 33. -.Dip of iho Horizon. Hue, OBy cornjsponds to tho lino drawn 
ft'om tho eye to tho visible liorizon. Tlu’ 
angle HOB is the dip. Tliis is obviously etpial to the 0(lB 

at the centre of the eartii, if we regard the (^artli as splierioal, as wo 
may do with quite sufllcient accuracy for the purpose in hand. 

From the right-angled triangle OBQ wo have clireetly 

cos OOB = ~l 

LfO 

Putting i? for the radius of tho earth, and A for the dip, tilts lioconuss 



cos A 


M 

7^-f A’ 


Tins form ul ft is exact, but niconveinent, because it gives the siiiall angle 
A by means of its cosine. Since, however, l.--coa A = 2sin3 J A, wo easily 
obtain the following : — ' 
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^ivoR tlio truo depronsinn oC Uio hoh horizon, ns it would Iki iC Lho 
Iiu<i of siglit, drawn from tlio oyo to tlio horizon lino, were slyaight^ On 
of Tofraotlon it is not straight, liowovor, and tlio ninoiint of tliis 
‘‘ Uii- rest rial rofr notion " Is very variable and njuiartain. It is usual Lo 
(liiiiiiiiHh tbo dip coinputod from the forniida by ono-olghLli its whole amount. 

An rvpproxitnato fonnuhi' for the dip is 

A (ill ininntOH of iiro) V7i (foot) ; 

OH, in ivoihIs, fhc square root of the devation of Ihv. o//o (/?i feet) (jhes 
iU o iii^} in min Hies, This givos ii A^alno tihout part too largo, 

Bin CO tlio dip is appllonblo only to soxtniit observations made at 
flOtL, where, from tho natiiro of the iimtnnnent, and the rifling and 
falling of the obsorvor with tho voahcI’s motion, it in not posslblo to 
nioitHiu'o altitndoB more closoly than within about l^d^ thcro is no 
noGcl or any oxtromo procision in Its ealeiihitioa, 


^ 'I'hiB approx I mnlo formidii iiiuy bo ohtidiiecl iliim : — 

Hut slneo ia a very aninll fnidlloii, U nmy ho nealoolod in llio divisor 
uiid t] I uxproHsion hooomcA simply, ^ 

2 flhr-* J A = ; whonoo sin j A - 

Since A Jb a very sinnll aiiglo, 


(-i) 


A~fllii a=^ 2 Bln j A, HO that 


To recluco racllnua to nilnntoH, we inuat nmlllTily hy iWllB, tho miinher of miiunes 
lit a rad I fin, Accordingly, 


A^ 


(111 inlniitoa of are) - 1HJ38 



If wo oxprcBB h In foot, wo must also uho tho Bnnio unltR for Ii, Tlio monu 
radiits of tho cart li Ib ahout 20,884,001) foot, ono-hnlf of which Ib 10,442,000, and 
tho square root of thla Ih ,S2B1 \ bo that the formula boconioa 


A' 


84fl8 

.T2ni 


\/ A^cot)* 


whtoH ifl near enough lo that given In tho text. 

In fact, tho rofrnotlon innkog bo miioh illlToronco that ovoii after taking tlio 

nmnerlcnl fnetor, as unity, the formula still glvoa A' about part too largo, 
o2.S I 

'X*lio formula h’ ■/)! h (javinn) Uyot more nearly correct. 
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83 Parall&x —In tlie mostgoneiat sunso, “ imnilliix m Uit' (‘luuigo 
of a body’s cliiectioa lesulting fioin llio obsuivci’s dwiiUuH'iiu'nl,. In 
the lestucted and technical sonao iii which we arc to CMUploy ib now, 
It niav be defined as the dillteience belwmi the dnovtioH <>/ a hiidrj it't 
actually ohm bed and the dhection it loould have if men from Iheeial/i’i 
cenlie Tliua in the fignie, Fig 31, wlicio the obscivci is Hupposcd 
to be at 0, the position of P In the sky (ns seen fiom 0) would In* 
inaiked b^ the point wheic OP piodncod would pieicc the ('('h'Hlml 
spheie Its position ns seen fiom G would be deU'i’iniiuul in tin* 
same way by piodncmg GP to which OX is duiwii piuiilU-1 'I'ln* 
angle POX, theiefoie, oi its equal, OPG, is the of P for 

an obseive) at 0 

ObMonsly, fiom the ilgiiie, ^vo may also give the following 

tlon of the pin illax, li hs au(ja- 
lai (li^iance (luimboi of necondH of 
arc) hetmeen the ohsQi iHtaiion uvd 
the cenbe of the earth* s (h\c, as 
fiom the body ohsorved Tlio nioon^H 
paiallax at any moment Xoi me in my 
angular distance fi oni ilio eui tli*H con- 
tie, as seen by the man inlhc moon 
When a body is in tlio zenith its 
parallax is zero, anti it is a maxi- 
mum at the horizon In nil casoH it 
dejnems a body, dUninislnng the 
altitude m}thout chanyinfj the emmath 
The law of the paiallax is, that d mtrm the ahio of the %onUh 
lance dhecthj^md inveisely as thelinear distance (tu miles) of the hnd\f 
Tina follo\YS easily fronv the tuangle (707^ where wo laivn 
PQ\ 00= sin OOP sm GPO 

Put D for PO, the distance of the body from tho ciutli; It fnr 
the earth’s radius, 00 ; ^foi OPO, the parallax ; f for XOPi^ tlu' apjiai- 
ent zenith distance, and remembei that the sine of f in eiiual to lhi‘ 
smeof Its supplement, OOP. we then have as the tinnHlaliou of 
the above piopoition, 

D P = siuJ smp« 

This gives 118 sin p = 

or, since p is always a small angle, 



Fig 34 —Diurnal Painllnx 


^ Slug; 


i)"= 206266 "^ smg. 


PAnAI^LA^X. 
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83 . Horizontal Parallax. — When a body la at the horizon in 
tliG flgiu'o), Llieii { becomes 90 % and siu ^ = 1 . lu this caao the par- 
nllax rend ICS i ts luaximinn value, whioli is called tliQ horizontal 

lux of the body. Taking _2?* as tlio symbol for this, wo have 

aiaiJA=5:^; or, nearly onongh,^?;, = 20 n 26 r>"^. 

Comparing this with the formula above, wo soo that tbo parallax of 
ft body at any zonith dlatanoo equals tl\o iKrHzontal iMvallax miiUiplied 
by iliQ sine of ihe^zenith disiemee; l.e., 7) slnf, 

N.B. A glance at the hgiiro will show tlmt wo may deflno the 
liorkonlal parallax^ 01 \G^ of any body, na the angular sc^nUdianieter 
of tliQ earth nmi from that body. To say, for iiistanco, that the sun's 
liorizontal parallax Is 8^', 8, amounts to saying that, .‘jcen from the 5i«i, 
the earth's apparent dlaniotor Is twice 8'^8, or 17'^0, 

84 . Bdlation between Horizontal Parallax and Distaiioe. — jSiuce 
wo Imvo 

It follows of courHO tliat 1 )^ R-^ ; 



86. Equatorial Parallax. — Owing to tlio “ olliptloUy or <*ob- 
lateness" of tlio earth tho horizontal parallax of a body varies 
slightly at dllToront places, being a inaxlmiim at the equator, whei'o 
tho dlstanoo of an observer from the ojirth's coiitro is greatest. It 
is agreed to tiiko as the Btandartl tho eqaatorkd horizontal parallax; 
f'.e,, tim earth’s eqmlorud soml-dlamotor as soon ft’oni tho body. 


80 . Dlunial Parallax. — Tho parallax we have boon dleoiiBBing Ib 
so mo times oallod tlm illnrnal parcdlax^ booauso it rnna tliroiigli alMts 
pOBsiblo ohangofi in 0110 day. 


Wliou tho Him, for Instanoo, la rising, its parallax la a maximum, and by 
throwing It down towards tho east, inoreasefl Its ai)parcnfc right aaoension, 
At noon, when tho biui ia on tho moridian, its parallax is a minimum, and 
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aftecls only the docliiiation At sunset it is again a ruaximuni^ bul now 
fcinowa the siin’3 appaioiit place down towaids the west* Although Uio sun 
IS invisible while below the hoii/on, yet the paiallax, qeometHcally umBideied, 
again becomes a niinimum at inidinglit, legaining its oiiginal value at tlio 
next sinuise 

Tlio qualifiei’, duunal,^^ is seldom iiaecl o\copt when it is nocos- 
aaiy to distinguish between this kind of parallax and the amiua} 
paiallax of the fixed stais, which is due to the oai ill's oilntal motion 
The stais aio so far away that they have no sensible (Itmnal paiallax 
(the oaith is an infinitesimal point as seen fioin tliom) , Imt some of 
them do have a slight and me asm able annual parallax ? by means 
of wliioli we can loughly doteimiiio then chataiieos* (Oliap. XIX ) 

87* Smallness of Parallax — The hon/oiital pa) alia}) ot even the 
neaiestof the heavenly bodies is always small In the ease of the 
moon the avoiage value is about ^}7^ vaiying with her eontnuiallv 
eliaiiging distance* Excepting now and thou a stiay comet, no otiun 
heavenly liody ever comes within a distance a lunubcd tiiiiOH its great 
as hois. Venus and Mais appioaoh nearest, but the paiallax of 
neither of thorn evei teaches 10^^ 

88 Semi-Diameter* — In older to obtain the true alUtude of an 
object It IS necessaiy, if the edge, or as it m called, has been 

observed, to add or dodiiot the apparent soini-diamoter of the object 
In moat cases this will be sensibly the same m till pails of the sky, 
but the moon is so noai that there is quite a poiooptd)l(‘ difference 
between her diamotoi when in the ssemth and in the hoi uon 


A glance at Fig. 3d shows that in the 7oniih the moon's distaneo is loss 
than at the hoii/on, by almost exactly the eai ill's ladius — the diffeionoe 
between the lines OZ and OPf^ Xow this is voiy neaily one sixtieth pait 
of the moon’s distance, and consequently the moon, ou a night when its 
appai out diamotoi at using is 30', will bo 30'^ Imga when noni the /onitli 
SiiiGo the sonuclmmetoi given in the almanac is what ^vould be soon fioni tho 
centre of the ernthy oveiy ineasuie of the moon's dislanoo fiom stais oi fioin 
tlie hou/on will lequiie us to take into account tins ^‘aitgmentalion ot tho 
semi duiinetei," as it is technically called 

Tho foi miiln, easily dodncod fiom the figiue by lemcinhoimg (imt Uio 
angle (/omth distance — paiallax), and tliat the appaiont and 

“almanac*' diaineteis will he inveisely luopoitional to the two distances 
OP and CP, is 


appai ant semi clianietei =: almanac a* 


d*X 


BIU t 

8111 (f-;)) 
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TIiIh mcfiHiii'iihlo incrciiso of llio inooii’H unf^iilur (Uamotor at high 
liiiH iioUiing to do wUh tlio purely Biibjoctlvo illiiBioii 'svhlch 
inukoH tho dino loolc larger to im avIumi nmr the horizon. That it in a 
iiuu ‘0 III I iH Ion may be miido ovidont by niinply looliing through a dark 
gluHB ]mt denne (uiongh to bide tho horizon and intervening land- 
HCiipo, Tho moon or Him then HneniH to Hlirlnlc at once to norinal 
dinienHions. 


89. Eefraotlon. — UnyH of liglit liavo their direetlon chan god by 
I’efracUon in puHHlng throiigli tho air, and an tlio diraction in which we 
HCQ a body is that in which Us lUjht reaches the cye,^ it follows that thla 
refraetioii apparently dla- 
platseH the HtavB and all 
bodies Been through tho 
atnioHiilicro. 8o far an 
tho notion ia regular, tho 
offoet Ib to bond tho rays 
directly downwards^ and 
tliUH tu inako tho objects 
appoav ill tho sky, 

Uefraotion the 

altitude of a coloBtial ob- 
ject without alter hi(f the 
azimuth* Like parallax, 

It in zero at tlio zenith 
and a. inaxlninm at tlio iy>. — AimoBiiiiorio u^fmoiion, 

horizon ; but it followB a 

dilTeront law. It Ib entirely Independent of tho diHtauce of tho 
objoot, and its amount varios (noarly) as the tangoit of tho zenith 
distance — not as the slmu an In tlio caso of parallax. 



00 . I'IiIh approxiiiiato law n[ the rofniotion In i^aHily proved. 

SnppoHO la Vlg. ilo that tluj oljsei'vm' at 0 HOOfl a htuv in the dlrootlon OSf 
at tho zQiilfch dlHbniee or 'i'lio light has roaehed lihii from by a 
path Nviiieh wan Btndglit until tho ray niofc the upjior Hiu'faoo of tho (dr at Ay 
hub a [ter wards euvved oouLlmiully downwavdH aB it pasfted from raiw to 
deuHor region 

Wii know tlmt the atnioHphoro in very hIuiUow uh compared with tho fiizo 
of tlic^ earth, and it Ih exi^^indiugly rarn in ilio upper [lortionH, ho that, ns 
far as cniicnrnH refraction, we may aHHinno that tlio point A, whoro tho flvflb 
pni'fioptiblo 1)011 ding of the ray oconi'H, ih not more than fifty milofl high, 
and Hiab tho vertical AZ^ is misihly jmndlcl to OZ t conaci^uontly, also, 
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all (he sucf^Cbnve St) aia of equal demity** a)e pwulhl to v<ah othu and 
io the uppet sutjace of the an 

[This amounts to neglecting tho oaith^B (invatnio botw(‘oii O itiul H ] 

Tho t)m /cnitli distance (as it ^voiild bo lE tbou^ ^voio ijo luhudiun) n 
equals ^ and siuco the lofiaofjon, u miiylm doliiicd ns 

the difteicnce between the tiue and appaient /(snilh dmljunos, Ibis turn 
/emth distance will = ^ ? 

Kow tioin optical piinnples, when a lay of light passos Uiiongh a 
medium composed of paiallol stiata, tlio final diioctioii ot tho jil^ is the 
same as if tUo medium liad thioughout ilio donsily of tlu^ last all alum, 
and tbeiefoie the dual diiectioii, *50, \Yill )>o the saiiio as if all iho an, finm 
A clown, had the same density as at 0, with llio sarno iudo\ of loiuwliuu, 
n ^ye may tlieiefoie apply the law of i of i action diio< Lly at ^l, and wnto 
sin sm BiC ZOS)^ oi sm (J 4- 0 ^ ^ b(Ung diawii 

paiallel to OS 

Developing the fiist meinbci, we have 

sin f cos 1 + cos ^ sin j c=: n sm J 

But ? H always a small angle, nevei 0N:cee(ljng 40^ wo may tlioioFoin ialvc 
cos ? =r 1 Doing this and tiansposing the lust (oini, W'o gel 

tos^siiM sinf-sm 

\^4lellce, sin i = (» -. 1) tan ^ , 

ou 1 ^ {n - 1) 206205 tan ^ (noai ly) 


^llie ukIg’s: of lefmetion foi an*, at zeio contif/vaclo and a haumo//io 
ihessute of 760^^ is 1 000294 ; whenec» 


= 000294 X 200265 X tanf ^ 00'^0 tan I 

This equation holds veiy neaiJy indeed down to a ^oiiitli difitiuico 
of (Q , tint fiuJs as we appioach the hoii/on. Foi rays eoinnii? neiirlv 
hoiizontai the points A and B aie so fai fiom 0 that the norm, d 
is no ionge, piactienlly pmallcl to OZ^ and many of the otiiei- 
ftmclaineiital assumptions on which the formula is based also break 

’"T U'« 

gue sm ) —xnfimiy also) an absmdity, since no siijo am 
e\ceed unity The lef, action theio is leally aliont )}7', umlcr tiui 
cuciimstanoes of tempeiatiire and piessnve above indicatoib 
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01. Effect of Temperatm’0 and Barometric Pressure, — Thv. Index 
of ref rue Lion of uir dopciula of conrso upon Ita tGinperaturo and p rose u re. 
Am the iiir grows wanner^ its rcfracth’o power (leer eases; ns it gi’owa 
denner^i the ref me Lion increases. Ho nee, in all precise obsorvutioiis of 
the altitude (or zenith distance), It is noccssnry to note both tlio 
lliei'nioiiictor niul the hamniutcr, in order to compute tlio rcfniction 
with accuracy. L'"or rough work, like ordinary sextant ohsorvations, 
it will answer to use the ‘‘ mean refraction,*' coiTcspondliig to an 
average state of things, 

Tables of Refiaotlon. — 'Die eompnhitioii of tlio I'ofraotion is boat 
nl'fuoLinl hy apwaiil Uibles nmdo for Lho of Ihoso, lloHHol’fi taliloa aro 

lh(i iuohI convmilont, bust known, and prolmbly oven yet tlio nioHt accurato, 
It imiHfc bo always bovno In mind, however, that from the notion of wind and 
other causoH Llio condition of ibo nir along tlie piitli of the ray in aolcloin per- 
fectly normal ; In conwnpionoo, the actual re fraction in any given case la lia- 
blo to diffor from the aomputod by as much as one or oven two ^xir oont, 
No amount of oaro in obHorvatiou (!an evade this dilllculty ; tlio only ronindy 
is a sufllcient repetition of ohsorvatioiis under varying atmosplierio condi- 
tions. Observations at nii altUudo below 10° or ir)° are never mnoh io be 
I rusted. 

Lateral Refraotion. — Wlieii tlio air is mueh disturbed, Hoinotiinos ol>- 
jeols are displueed hori/ontally as well ns vertioally. Jiidned, as a gonoral 
rule, when one looks at a star \Yilli a largo toloHOopo and high power, it will 
soein io “dance” more or loss — tlio effect of the varying vofraotioii wldoli 
eontinnally displaces the Imago. 

92, Effect on the Time of Sunrise and Sunset. — Tho horizontal ro- 
fmctlon, ranging as It does from fll' to according to Icmporatiirc, 
is always somewhat greater tinui llm diameter of cither the sun or 
the moon. At the moment, therefore, when the sun’s lower liinh 
appears to bo just rising, the whole disc is really below the piano 
of the horizon ; |ind the lime of sun rise In our latitudes is tliue 
amdornted from two to four ndnntca, according to the iiicllnailon of 
the sun's diurnal circle to the horizon, which Inclination vnricH with 
the I lino of the year. Of course, sunset Is delayed l)y the Bamo 
amount, iiiul thus the day (s lengthened by rofmetion from lour 
to eight minutes, at tlio expense of the night. 

93. Effect on the Form and Size of the BIsob of the Sun and Uoon, 
— Near the horizon the refraction cliaiigee very rapidly. While mi- 
ller ordinary siimmor temperaturo It Is about 35' at the horizon, it la 
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only 20^ nb an ele\aUon of half a (logioc , so tluiti as tho snii oi moon 
usefe, the bottom of the disc is lifted 6' moic limn ilio top, and the 
\eifcical (Imnaetcr is thus made appaieiitlv about one-htth i)iut shmtet 
than the hou/ontal Tins clistoits the disc into the form ol an a\al, 
flatfcouecl on the under side, In cold weaihci the eftoct is nnuh inoic 
nmilrcd As the hoii/ontal dminetei is not at all inei cased hy tho 
Lofi'actiou^ the appaieut rnm of the disc is notably dimmished by it , 
so that it is cMdeiifc that lefi action cannot bo held ni any way lo- 
spouaible for the appaieut onlaigement of the using luminal y* 

94 Deteimiiiation of tlie Eefraotion —1* Phn^iad Motluuh 
Thcoiy furnishes the law of astiononncal lefraetion, tlioiigh tlio 
mathomatical evpicssion beconio& mthor coniphcatcd when wc attempt 
to niaho it G\acl. In oidei, theiefore, to doiciinino the astioiioniical 
1 of I action inulei all xiosaible cueiimstaiices^ it is only nocossaiy to 
detoiiniiie the indov of lefiaction ol air, and its vnimtions with tein- 
poiatiuc and pressmo^by laboiatoiy cxpciinients^ and to infciodnco tlie 
constants thus obtained into tile forinukc It is dilllcult, however, to 
make thcao defccim illations with the iiecossaiy piocisioii In fact, at 
piesent om knowledge of tlic constants of an lests mainly on aslio- 
noniical woik 

2 Bt/ Oho) vutions of CDcuDijyoha Sta)s, At an oliscivalmy whoso 
latitude exceeds 45° select some star wlucli pusses thunujh the mnth 
at the nppoi culininaiion (Its dechiiation must equal the laltludo of 
tlio obseivatoiy ) It will not bo alfeotcd by ret i action at the /enilli, 
winle at the lower eiilmi nation, twelve houis later, ib will AVilh the 
moiiclmii ciicle obsoivo its ditoice m botli positions, detennm- 
itig the polai point ’* of the ciicle as descubed on pp lO-d?. If the 
polai point weie not itself atfected ))y rofiaction, the simple diiTci* 
ence between the two leaults foi the starts polar distance, olitamod 
fxom the upper nncl louei obsoivations, would bo tlio lefiactlon at 
the low er point 

A& i\ Jlr^t app) oxtmation^ lionevei, we may neglect the lefiaction 
at the pole, and thus obtain a * 111 ) 1)1 oMmato lower lefraotion 

By means of this we may compute an appro'^^mate polar rohaction, 
and so got a Hist collected polar point AVith this compute a 
second appioMinntc lowei lefmction, which will bo much more ncaih 
light than the first, this will give a second “ coi reeled polai point , 
this will 111 turn give us a third appioximation to the lefi action ; and 
so on But it would never be necessaiy to go beyond the third, n$ 
the appiox:iraation is veiy lapjd If the star does not go oxacily 
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through tho zoiilth, it is onl^ licccssftry to comiiuto oaoli liino ni^prox^ 
nmto I'ofraotious for its upper obsorvntioii, as well as for tlio polar 
point. 

At pioaent, however, tho rofmotion la so well known tlmt tho 
Hiothod actually used is to form equations of coiulition from the 
observations of tho altituclo of known stai-s iiiulor varying eireiiiii- 
staiicea, and from these to deduce aiicli coiTcotioiis to the Hlar ]}liicoa 
and refraction constants as will host Iminnonlzo tho whole mass of 
mate rial. 

96, iJ, Bij Ohservaiiom of tho AUitiidc^ of EqHotorUil Stars vmdo at an Oh- 
ocrvQlory near the Etjuafon For an observer so situated, ntars that am on the 
coloabial equator (8=0) will coino to the inoridinn at tlie y.cnifch, and will rise 
and fall verlicallyt with a motion strictly proportional to fholmoi tho Inw zenith 
(lifitanco of fcl\o star at any moinonfc boing just equal to its hour-anplc in 
degrees, Wo have only, then, to observe tlio apparent zonitli distance of a 
star witli the corresponding time, and tlio rofraotion conies out dimctly. 

If tho station is not exactly. on the equator, and If the star's doclinatioii is 
not exactly zero, it is only nocoBsary to I^lo^Y tho latitudo and docl I nation 
npproximalaip in order to got the refraction very aooiiratcly ; a cons j durable 
error in cither latltiulo or doolination will ailfcofc the result but slightly. 

d, Tlio Frond 1 nsDrononior Loe>vy has recently proposed a uiethod w'hioh 
promises well, He puts a pair of roflootors, Inclined to oaoli other at a con- 
vonionfc anglo of from df)® to (a glass wedge -witli Bilverod sides), in front 
of tho objoot-glass of an equatorial. Tliis will bring to the eye two rays 
whioli make a strictly constant anglo wltli each other, and tlioro is no difll- 
oulty In finding pairs of stars so situated that blioir JniagGs will come iriLo 
the field of view togoblior, Now, wore it not for ref motion, thosa images 
would always keep their relative position unohangotl, notwitlistandiiig tho 
diurnal motion i but on account of the changes in tho rofraotion, ns ono star 
rises and the other falls, they will shift in tlm field, and mloroinotrio inoas- 
lu-cs will detoniihiG tlio slilfling, and so tlio mfi-notion, with groat prooision. 

96. Twilight. — (Although this aiibjnot is oiiteldo the main piirpoBO of tills 
cJuiptor^ wlilo]i deals wltli corrootloiia to bo, appHotl to astronomlonl obHorvJttions, wo 
troat it hero bocaiiso, like rormotlun, It Is a purely atinosphorlu plioiionioiioii, mid 
flnda no othor more conveiilont placid) 

Twilight, tlio ilUimination of the sky which begins before suiirlao, 
and coiitiuuea after siiiiaet, is caused by tho roflootloii of light to the 
observer from tho upper regions of tho onrth^B atinoaphcrc. It Is not 
yot certain whether this is duo torofleotlon from foreign lunttor In tho 
air, auoh as minute crystals of ieo and salt, partlolea of dnat of 
various kinds, and infinitesimal drops of water, or whether the pure 
gcLSOs tlieinsolves have spine- power of rollcotiug light. Thoro is iio 
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[luubt, however, that air, under llic ordinnr}^ coiulitjuiihi, (>o^ 80 «sos 
eoiislderahlo power of rolluotion ; so that» as long ns nay air upon 
whioli the sun is shining is visible to the observer, it will send him 
more or less lights and appear illnuniuited. 

Suppose the atmosphere to have tlio depth indicated in the ngiire. 
Then, if the sun is at Fig. 51G, it will jnst have set to an observer at 1 , 
but all the air within his range of vision will still be illuminated. When, 
by the earth*s rotation, he baa been transported to 2, he will see the 
‘^twilight bow^’ rising in the east, a faintly reddish arc separating 
the illuminated part of the sky from the darkened part below, whieli 
lies in the shadow of the earth. When ho reaches 8, the western 
half of tile sky alone remains bi‘iglit, but tlio arc of separation be- 



tween the light and darkness has become vague and indolinite ; when 
he reaGlios d, only a glow roinains in tlie west; and when ho comes 
.to 5, night closes in on him. Nothing ronuiins in sight on wliich 
the sun is sinning. 

97. Duration of Twilight, — This doponds upon tlio height of the atmos- 
phere, and tho anglo at which the siui’a diurnal circle cuts the horizon. Jfc is 
found as a matter of observation, not adniitbing, however, of much prooisioii, 
that twilight lasts until the aim has aimk about 18° below tho horizon j that 
5s to say, the angle 1 (? 6 in the figure is about 18°. 

The time required to reach this point in latitude 40° varies from two 
hours at tlio longest days in sumiiicr, to oue hour thirty miriiites about Oct, 
12 and March 1, when it is least. At tho winter solstice' it is about one 
hour and thirty-ilve minutes. 

In higher latitudes tfie twilight lasts longer, and the variation is move 
oonsiderablo: the date of the mini mum also shifts. 

Near tho equator the duration is shorter, hardly exceeding an Jiouv at tho 
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SGft-]ovol ; '^vliilo iili liigli olovfttionfl (wliem tlio ninounfc of nir abovo tlio 
obwj'vor’rt lovol IB l<5ss) it boconics very Lrlof. At Quito and Lima it is 
said iicb to Inst inoro Ilian twenty iiilnutcH* Prolialdy, also, in inoiinbain 
I'Ggioiifl llio cloarnofls of tlio air, and its purity conbril)uio to the (iiT<‘ct, 

98. Height of the Atmosphere.— It Is ovidont from tlio flgiiro tlmt 
at the moment twilight coIibob, tlio last visible portion of (Ihmihmtod 
iiir is at the top of the ntmoaphoro, and jimt Imlf-wny liotwooii the ob- 
server and the noarCBt point wiiero the sun ia setting. If the whole ai'o 
], 5 Is 18®, 1, S is 9® : then calling tlm Imight of the atmosphere TI and 
the earth's radius 72, and neglecting refraction (/.c., supposing the lines 
Iwi and 5m to bo straight), w have from the right-angled triaiiglo 
1 Cm^ Cm ^ ^ 0 X Hoii 9®, or R + JI = R x sec 9® ; wiienco II ?= R 
(hoc 9®— • ]) = 0.0126 72, or almo.'it exactly flPty mllcB. This must 
1)0 diminished nlmnt one-Ofth part on account of tho curvaliiro of 
the lines Im and fmi by refraction, making tho liolght of tho atnios- 
phoro about forty mllca. 

Tho I'csnit must Jiot, however, bfl aucopted too confidently. It only 
proves that wo get no sonsiblo twilight ilhminalion from air at a 
greater height; above that elevation the air is cither too rare, or too 
pure frpm foreign particles, to send us any perceptible , renccLlon* 
There is abuiuhiiit ovidenoo floni the phenomena of motcors tlmt tho 
atmosphere extends to a height of 100 inilos at least, and It cannot 
bo assertod i)OHltIvoly that it has mg deniiito upper limit. 

99. Aberration. — There Is yet ono moro oorroctlon wliloh hnB to be 
a 2 }pIieLl in order to get the true direction of tlio line wliich at tlm instant of 
observation Joins tho oyo of tho obsorvor to tho star lie Is pointing at. Tho 
aberraihn of light is an apparent di8])laoomont of tho^ objoct observed , duo 
to tlio ooinblnatioji of tho eartITs orbital motion with tho progi’ossivp motion 
of light. It oa]\ bo hotter discUHsed, hnw^evor, in a diPForont oonneoLion (soo 
CIiiip, VT.). and wo oonlenl onrsolves with tnoroly mentioning it here. 
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CPIAPTER IV. 

FUOBI.EMS OP PBAOTIOAB ASTIiONO.MV, LATITUDE, 'IMAII':. 
LOXBI’X'UDE, AZIMXITW, AND THE RIfUIT AH(!ENHtON ANU 
DECUNATrON OF A HBAVENDY BODY. 


100. Tiieuk ai'o certain problonia of .Priicticnl Asti'oiioiny wliirli 
Imve to 1)0 solved in obtaining Iho fiindamontnl facts from wliitdi w'ti 
deduce oiir knowledge of tho earth’s form and dimcnsioiiH, and otlicr 
astronomical data. 

The fli'st of tliese problems is that of the 


LATimiDE. 

The latitude (uslronomkal) of a place (Art. 80) is simply fJic allUmh 
oj the celestial ])ok (PolhuJie), or, what comes to tho same thing;, ns is 
evident from 1‘ ig. 7 (Art. 38) , it is tho clecMnalion of the xauUh, ,1 b niti y 
also be defined, from the jnechanical point of view, tmlhe aw/lehalmriin 
the plane of the earth's equator and the observer's plumh-Une or varilml. 


^either of these definitions as.sumea anything ns to tho form of tho onidh, 
and we shall find farther on that this n.i/rono»ii'ca( latitude is wildoni idmiUcal 
ni ) he ^«oc«i(nc, nor even with tlie geodelie latitude of a place. It Is, 
iiowever. the only kind of latitude wliich oan W diVcc//;/ detorniinotl from 
as(rono,mc.il observations, and its doterminatiou is one of tl.o most impor. 
taut operations of what niay.be called Ecouomio Astronomy. 

latitude. -First: I)>/ Oircumpolars. 'I’lio 
“th !! 'TV”® tlotermining the latitmlo is to obsoryc, wi tl. lliu 
men ban circle or some analogous instrument, the nltitiido of n clroinn- 

te ImveT ' t t TT' «§*''•>. twelve hours Inter, ul 

and then thnlT Nervations must be coiTcetcd for refravffou, 
tlio mean of the two eomctexl altitudes will he the laiUndP, 

notVequTm Vnv datlV of being an independent onoi f.e.. it cloos 

L' .r* """‘i) •« “■ 

iK:c[;r“z£;? 
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'.02. Secoiul ; By the mandian aUitnde or zmitk distance of a 
ly of Jcnown decUncUion. 

fii Fig. i]7 tlio Hcmlclrclo AQPB is tlio nioi'idian, Q and P being 
poctively the oquaix^r and the pole, and Z tho zenith. QZ in 
declinulion of Ike zeniilh or the observoFs latitude (= PJ3= </»). 
.)poso now that wo observe Zs fj, tho zoiiltli distance of a 
t’ 8 (sonlh of the zenith), as it orosaes tlio nioridlan, and tliat its 
liiiafcion Qs (t= S.) is known \ then evidently c;> = S, + 

11 tlio same way, if tho star wore at 7i, bolweon zenith and polo, 

= S, ^ L- 


f wo uHO the inoridiau civolo, wo oan always Bolcot stars that pnas near 
/onitli whoro tho vof motion will bo siiinll ; moreover, wo oan soloot tlioiii 
noli a way that somo will 1)0 as much, north of tlie zonlUi ns otliora ai'o 
Uf and thus elhmnafe tho rofrnotion oiTors, Tbit wo liavo to get onr star 
illations out of (^{iLaloguoH mado by provioiis ohservom, and so tho mothod 
:it (in independent ono, 


33. At Sea tho latitude is uaiiaHy obtained by ohso'vmff with the sex- 
the mtuximnm (dtitude^ which 
onrno oceiii'H nt noon* Since at flea 
neldoni that one Icnown boforoliand 
lisoly llio moment of local noon, 
observer tiikoR care to begin to ob- 
o tho aun*H altitude acme ton or 
on niinntOB GUilloi’, repeating hla 
rvatlona every miiuUo or two. At. 
the iiltiUulo will keep InoroaBing, but Iniinodlatoly after noon It 
begin to docroaae, Tlio observer nsea tlierofove the maxhmm^ 
ido obtained, which, aorrocted for reftaetlon, parallax, Boini- 
loter, and dip of the horizon, will give him the true latitude of 
lilp, hy tlio formula </> =? 8 ± f. 



37. "I)otorni1imi.lon of LiilUiido. 


4 . Third \ By (Jircnm-ineridim Altitudes. — If tlie obaorvor knows 
iiiG with roasoiiablo aecuraoy, ho oan obtain his latlbiulo from observo- 
mado wlion tlio body is tho nioridian, with praotically tho sanio 
lion as at tlio moinont of meridian passage. It would tako us a littlu 


11 naaoiint of llio sun's motion In declination, and tho northward or loutli' 
motion of tlio Rhl|i i(solf, tho anii'a nmxlminn nltilmlo la nsitally atlninod 
cmdy on tlio nieridJnn, but a fow aecomls cnrller or In lor, Thla rcqnireb n 
cnrrootlon to tho dodneed la tl Hide, oxplnlncd In books on 'Navigation or 
cal AHtronoiny. 



n 


Ot»' J>IlACflOAh ASIMIONOMV. 


too far to explain the niethoil of rod action, wliiclnn with llio utTOJ^sary 
tables in. all worlis on Practical Astronomy, 'rii(3 groat mlvantagii nl' Ikiin 
method is that tlie observer is not restricted to a aitigln obstn'vution at on oh 
mevidiampassage of the sun or of the selected star, hut can utiiixci tiia lailf- 
Jioiirs precedi iig and following that moment, 'I 'ho meridian'cdrole 
he used, as the instrument must be such as to make axtra*iiund{liuii 
nliservations possible. Usually the sextant or universal instninnnif- Is 
employed. This method is much used in the French and (hn’imui gooihdii- 
survey.s. 


105. Fourth : Tlw Zentih Telescope Method* — (Soinottnn'H known as 
the American method, hceause first practically Introduced by Captain Talcmt nf the 
I’nited States Engineers, In a boundary survey In 1MB,) 

The essential clmraoteristio of tlie inothocl is Iho mimmelrir. 




iirement of the (Ufference. but^vetiii tlio 
nearly ocpial zenith distanoes of two slni’rt 
which cnlminato witliln a few iniiinle-^i 
of each other, ono north iintl tint oilier 
aoiith’^of the zemith, aud not very ftir 
from it: such pairs of stars cati alwnyH 
bo found, When tlio method wuh first 
introduced, a special instninionl, known 
as the zenith telescope, was gem> rally 
employed, but at [iresent a simple iranrJt 
instrument, witli declination inleronieler, 
and a delicate level altaclied to Ibu tele- 
s(! 0 [)c tube, is ordinarily used* 

'J’he tehjaeopo Is Bet at the proper iilth 
tilde for ibo star which first conies lo Hm 


meridian, and tlio « latitndu level,” tm i L Is 
Priiidpioof iiieZraiiiiTcicMo,... Called, is Set horizontal ; n« Itu; hinnniKKoa 

nonhov sniiM. fi . throagli the Held of view ils <lislimcii 
Ti..’ f, ^ 'nenain-oa by the ndcroimdiT. 

z lr;i: 

reversal and nT7 V . f A ftoi ihln 

S Ih. r'T »" 

field’ Hio n • ' ^ ®r soiilli of the oenire of I ho 

^/remieeof tr”nWubrian^^^ 
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From VUr. ,S7 wo havo 

for htar aouth of zciiiMi, </» S, + f ; 
for Rtar norfk of y.onilli, 

AtUlhig Llio two cqiiatloiiB and dividing by 2, wc hnvo 

The star catalogue gives u» tho dccltnatioiis of llio two stai^ 
(S, + Sn) ; niul tlio dirforenoo of Uio xoiiUli diataiuiofl (f,— f„) is do- 
tcnnlnecl with groat accLiracjy by tho iiiicroinetcr incaRiiros. 

Tlio gi'onfc advaiiiago of tho inntliod coiiHistfl in its (lisponaing wilh n 
graduated ch'cie, and in avoiding aliiKist wliolly tlio on’ors dno to r^rno- 
tiom it virtually utilizofl tlio clrclns of tlio fixed oliflovvatorioH hy which 
tho star declinations have boon inoiisiimd, without roqulrlng Hioin to bn 
brought into Iho flold. Forty years ago It wiih not always easy to find 
acoumto dotcrrnlimtions of tlio <leellnations 
of tho stai’H einployod, but at proaoiit llio slur 
catalogues lijivo boon so oxtondod and iiu- 
pi'ovod that tluH difficulty Ims prnotlcally dlsn)*- 
]>oa]'cd, so bimtthls nioiliod of dutoiinlnlng ihu 
latitiido is now not only the most coiivoniont 
and rapid, but is qiilto as precise ns any, If Ihn 
lovol is Riiniolontly sonsitlvo. Kvldontly thn 
limit of aooiu'Roy dojicndH uixni tho oxncfctioafl 
with which tho lovol inoasuroH tho slight, Imfc 
inovitablo, difPoronco lietwnon tlie luoliimtlonH 
of tho liistnnnont when I’loinladon llio twofltai's, Vurtlcnl TrniiBlii 

106. Firth : Bi/tho Priine Verlicul lush^mmnt (p. 48) , — Wo obsorve 
simply the niomont when a known star passes tho prhno vortical on the 
eastern aido, and again u[m\ tho w'cs tern side. Half the inlorval will give 
tho hour-auf/le of tlio star wlioii on tho priino vortical ; tlio aiiglo ^PS 
in Fig. 80,^Yhe^o Z is tho zonitli, P the i>oln, and tho prime vortloah 

The distanoo of iho star from tlio points tho coiuploinont of iho stiiFs 
docliimtioii ; and Ih tho ooniploinent of Urn ohservoFs laiibndo. HInco 
the pri 1110 vortlnal is porpondioidar to thn inorldlan at tlio zonltli, tho fri- 
auglo PZS will ha right-aiiglod fit Z, and from Napim'fl nilo of circular 
parts (taking ZPS as the mltUllo part) wo almll havo 

003 ZPS^ tan PZ cot PSt 
00.3/ -col (fi tan 8 ; 

tan tfi tan 8 hco /. ^ 


or 

whence 
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if S nenrly equals t will be small, and a consiclerablo erroi’ in the ohscn*- 
vation of t will then produce very change in its secant or in tlio com- 
puted latitude. 

Tlie olisorvations are not so convenient and easy as in the cnso oF th . 
s<;enith telescope, and min]l)6r of stars available is less j but the niellKK. 
j)rcfients tlio great advantage pf requiring nothing but an ordinary transit 
instrimientj wiLlioufc any special outfit of niicroinoter and latitude level. 
It also entirely evades the diflienUioa caused by rofraotion. 


107. : Sixth; By the Qnomon, ancients bad no instnnnents 

auclrns we have hitherto described, and of course could not use any 
of the preceding methods of finding the latitude. They wore, Iiow- 
ever, able to malcc a very respectable approximation by means of tlie 
simplest of all astronomical instruments, the gnomon. Tliis is merely 
R verticiil shaft or column of known height erooted on a perfectly 

horizontal piano ; and the 
observation consists in notv 
ing the length of the shadow 
cast at noon at certain times, 
of tlio year. 

Suppose, for instanco, that 
on the day of tlio mminer 
solstice^ at noon, the length 
of the shadow is /I (7, Fig. 40. 
The height AB being given, 
we can easily compute In 
the rlglit-anglocl triangle the 
angle ABG^ which equals 
8BZ, the sun’s zenith dla-* 
tnncG when farthest north. Again observe the length AD of tlie 
shadow at noon of the shortest day in lointer., and compute the angle 
ABDy which is the sun’s corresponding zenith cUstanco when farthest 
south. Nd\v, since the sun travels equal distances north and south 
of the celestial equator, the mean of the two results will give the 
angular distance between the equator and the zenith; f.c., the devli' 
nettion of the zenith^ which (Art 100) is the latitude of the place. 



Laliliid<^ hy tlio Qnornon, 


Tho method ia an indepDiulent one, like tliat by the obsei'vntion of oir- 
ciimpolar stars, requiring no data except those which the observer detorminos 
for himself. Evidently, however, it does not admit of much •nccuracy, since 
the penumbra at the end of the shadow makes it impossible io measure its 
length veiy precisely. 

It should be noted that the ancients, instead of designating tbo position 
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of a plaoo by means of ils JatitmlOj mod its\ climate liiRtoacIi tjjo climaf.n 
[iVoin KXljm) l>oiiig tlio slojie of tho piano oC tlio oolosljul equator, ilio aii^lu 
J \h tlio coiiiploinoiit of tlio lafclLiido. 

It U euppoHod, iiuleod known, tliaL many of tlio klgyptbui obolifiks woro 
.n'cotocl primarily to servo as gnoriioiis, iiiid wonj iiHodfor tliat puriKiso. 

f 1081 PoBslble Valuations of the Xatitmle. — Tt Is an Intoitjatlng 
tion whetlior tlu^ position of fcbo cartir« axis m Jixod witli refomneo to its 
mass and surf ace. Tliooro tie ally it 3s hardly possible that it should bu, 
because any ciiango in Uio aiTaiigoiiieiib of tho inaitor of the oarfch, by 
cloniulafcion, subsiduiico, or olovatioii, woiild almost ui3€4‘,ssarlly disturb it, 
If fto di.stiii'bcd, tlio latifciulas of phicos toward M'hiiih tho polo approached 
would bo inomasoch nnd tlioso on tho opjJosiUi sldo would bo dcoi^mBod. At 
pmsoiifc wo can only. say that If buoIj distiirhaiioo liiis oooiirrodj ifcnuisfc Imvo 
boon oxtreinoly slight Cor tho Inst 300 years, not nxocoding dO or (30 foot at 
mofit; but fchoro ai'Q Biispicions of ev niluuUi and progrt^asivo cliiingo of ' tlio 
1 ft ti tilde of some of the observatorios (notably Piilkowa), wliloli liavu drawn 
attention to liio matter, and tho subjoot ]h undor iijvesllgiilion. 

TJKF AN I) rrs DICTIdllMlNAI'roN, 

100. One of tlio most iini)orlaiit probloiim iirof/oiitofl lo tho iibtron- 
omor is tho clotonnination of Thna. By unlvoi'Hal oonsont Llio appar- 
ent rotation of tho lioavons is iniulo to fiirnlhli tlio Htiindard, jiiul tbo 
do termination of Umo is ofTooted by iiHoortalnliig by oI)h or ration thu 
hour-nyigle of tha object Holeoicd Lo miu'k thn Imjhming of ike tiny hi/ 
its tranHil acroHH Ike mendiau. In pvaotloo, tliroo kinds of thno nro 
now rocognli^Qdj.vjV., , nlderml trme, apiiareiU ^ola7* UmOy and umin 
ftolar ti7no> 

110. Sidereal Time, — ^ As han already hnen nxplalnod (Art, 30 ), tho 
sidoraal timo at nny nioinoiib Is the how'aiiffle of the DCrnal equirim ai 
that moment; or, what ooiuob to tlio flamo Uiiiig, though It aoiiiula dif- 
ferently, it Is the time mar'ked hij a doeJe which xh m eci and (ii\jmied 
a-H to show noQUy or 0^ 00'” 00‘, at each irdnsit of the inivnal equinox, 
Tlio sideroal da?/, tIuiH doHnod, i» tbu timo Inlorvimliig boLwoon two 
snoccssivo transits of tho name star; at loliHt, it Is so within tho 
hundred til part of a aeoond, thoiigli on nooouiit of tho im^ccaslon of 
the cqiiluoxGS (and tlio proper inotlonM of tho Hlyirs) Ihn iigremncni 1 h 
hot absolute, the diiroroncG amoinUing to ubont one day in twenty- 
six thoiiBniid yoata. 

111. Apparent Solar Time, — Jn&ti ns flidoronl thno 1b tbo liom’-angle 

of the vernal equinox, so iit any moment tho apparent mdar Ihne U 
the koxir-anqle of the It in thu time eliown hy the mtyx-dialy and 
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its noon is when the sun crosses the nioridlan. On JUf(‘onu(; ol LliO 
iMniiinl enstwnrd motion of the sun anuni^ the stars (<lno to I lie 
earth’s orbital motion), this day is nhont ion i* mi nil ten lon;^<sr thnn 
the sidereal ; and moreover, hecnnso the sun’s motion in ri^lit uhikmi-- 
sion is not iniifdrm, the apparent solar days are not .all ol' the sauic 
length, nor, consequently, its hours, miiuitcs, or seconds. I)<5C‘onfc1)cr 
is fifty-one seconds longer from (apparent) noon to noon limn 
Sept. 10th. Fortius reason, apparent solar time is not satiHructory 
for scientiflo use, and has long been discarded in favor of numn 
.solar time. Until within about a hundred years, however, it ^vns tim 
only kind of time commonly employed, and its iiso in the city of .Uaris 
was not discontinued until the year. 1816. 


112. Mean Solar Time. — A ^\ficiitious sun is thereforo ini affined , 
wliicii moves umfomly and in the celestial equator^ completing its 
annual course in exactly the same time as that in wliioh the aotiial sun 
makes the circuit of the eeliptio. It is moan noon when tliia llcli- 
tions sun” crosses the meridian, and at any moment the Imtr-auiflQ 
of ihs fictitious sun ** is the mean time for tliat moinont. 


Sidereal time will not answer for business purposes, because its noon (tlio 
tiansitof the vernal equinox) occurs at all hours of night and daylight in 
difierent seasons of the year. Apparent solar time is floimitilieallv unHatls- 
factory, because of the variation in tlio length of its days ami lioiirs. And 
yet we have to live by the sim; its rising and setting, daylight and iiigiit, 
control our actions. In mean .solar time wo find a satisfactory conijn'orniHcs 
an invariable time unit, ami still an agreemont with sun-dial tiino close on ouoli 
01 con\enieuce. It is tlie time now used for all purposes except in oortnin 
astronomical work. The difference between apparent time and inoiin limiq 
amounting to more than about a quarter of an hour, is oidlod tho oiiim- 

"■ 


ii 

t 


w f “» '»m.l»iKllne .olnr, , 1. 

a M. 1 ^ biief and simple oalGulaUcm, 
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(Art- 2G), it l8 obvious tluit Lhu diltiTonoc lK‘lwe(»ii tlio right iiscoiiHioii 
of a known star and thn limn hliowii by ii hidoroal clock at tho iiiahuil 
when the star oro-sscH Mio niuldlo wire of an aecnnitcly ndjiiattMl 
transit iiistniment, is Lho error oT the cIcM-k nt that inoniont. J’nus- 
ticall}', it Is usual to olmervo n nniulKM' of atiu’s (from eight to 
reversing the inwlrinnont once at least, an ns to eliininaLo tho oolUnm- 
tion error (Art, (50). With a good liiHtrumeiit a Hklllcd ohsorver can 
flotermino this cloelc error or “ cori'cctiou ” Avitliin almiit onc4lilrtii>tli 
of a SGCoiifl of time, providi'd |iro|)or meniiH arc taken to nBcertain 
and allow for his “ pcraonnl equation/’ 

114. l^enonal Eqadtion, — Jt in foinul tlmt every observer has Ida 
own [)ocnl[arlti(’s of time observation wllli a transit, niul his piivsimal 
equation*^ is tho amount to bo ndded (ulgehndcjilly) to the time 
observed by him, in ontor to got tho aotiml nioiiunit of transit an It 
wonid bo recorded 1)3' dome suppoeablo anuuigonientj wlileli nhimU} 
au toi nation I ly register Lho inomciifc wdicn the Btar’a ijuago was blHcetcd 
by tho wii'o. 

Tills porfloiml cHiuntloii differH for dirferciit ohHnrvttra, hut is reasonably 
(tlioiigli never strictly) umiHLant for one who Jins iiad iinioii practice. In Lins 
caso of okservatknis with the chronograph, it Is usually loss than it 

can Im dnteniiined by ini apparatus In which an artllioiid slur, mHouibliug’ 
Dm I'onl stars as much as poHHihlo In Hp])oarance> is made to travei'HO Mic Hold 
of view ami to tcJc'graiih its urriviil lit cerhdn wires, while (.las obsorver iiutoa 
tho momoiits for lilmseif. 

One of the most iinimriiuit prohloms of praothial HHlrononi^' now awaiting 
Rolutlmi is the oontrlvaneo of some ]jrnotlcal niothotl of thuo ohsnrvatinn 
free from this aimoying hmimn eloriumt, tho ]JcrH<»iinl crpuitloi), which Is 
always inons or Iohr unnertiiii) ami variable. 

If moan tiino Is 'wanted, It can bo dodiiced from the blderonl Limn 
by tho data of the aluianao. 

Tho ann nan almi ivo observed liiRtoad of Lhn-sLars, tho momout of 
the Binds transit lieliig that of apparent noon ; liiit this observation, 
for many rcaaonB, Is fnr less iiccnriite and Hiitlslatiiory tluin observa- 
tions of tho Rtnrs, 

116. Socoiul. Thn inelhod of equal {dtitndeti. — If wo oE)Horvc wltli 
a sextant la tho forenoon tlie limo HIl()^/n by tlie elironoiiicter when the 
sun attains the height indicated by aeertnln reading of tho sextant, and 
then in tlici afternoon, tiju time wlu'n lho Him again rcaohes the Baiiiu 
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uUitudo, till! moment of apparent noon will be )iall-wny between the 
two observed times ; provided, of course, that the chrononiotor runs 
uniformly during the interval, and also provided that proper correc- 
tion is made for the sun’s slight motion in declination — a coiTe(?tion 
easily computed. 

The advantage of this method is that the errors of graduation of 
the sextant have no effect, nor is it necessary fdr the observer to 
know Ilia latitude except approximately. 

contra^ there is, of course, danger that the afternoon observa- 
tions may be iuteiTered with by clouds; and, moreover, both obser- 
vations jnnsb 1)0 made at tlie same place.’ 

A modification of this method is now coming Into extonaivo nso, 
in which two diiferent stars of known right ascension and of nearly 
the saino declination are used, at equal altitudes east and west of tlio 
meridian. 


116, Tliird. By u single altitude of the s?m, the observer's laiUtide 
being Icnoimu — This is the method usual at sea. The altitude of the sun 
having been inensurecl with the sextant, and the corresponding time 
shown by the chronometer having been accurately noted, we compute 

the hour-angle of the Sint, 
from the triangle ZPS (hig. 
41), and this hour-angle cor- 
rected for the equation of 
time, gives the true moan 
time at the observed moment. 
The difTerenco between this 
Ijif and that shown . by tbo ebro- 

ritt,4i.--iKaurnUjiHtioi, of TjiimbyiiBhigioaiiiiiiao. of the 

chronometer. In the triangle 
ZPS all three of the sides are given, viz, : PZ is the complement 
of the latitude which is supposed to be known ; jftSf is the com- 
pleirient of t]ic declination S, which is found in the almanac, as is 
also the equation of time ; while ZS or is tlio complement of the 
sun’s altitude, as iiiensnred by tlie sextant, and corrected for soml- 
diaineter, refraction, and parallax. The formula is 



sin I P ( : 


Ain iU + (.^- 8 )] Bin i K - - 8 )] Y 

\ ^ COS <ft cos S / ’ 


Til order to accuracy, it is desirable, that the sun should be on the . 
prime vertical, or as near it as practicable. It should not be near the 
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merldiatK Any Blight oitdi in Lho nsflumcd latitiulo pi-odticps no 
aonaiblo olToet upon the. rosnlt, If tlio sun la exactly east oi* \Ycat at 
tho litiic the obaorvation ia tiikon. Tho dlaacl vantage of tlio niotliwl 
Is that any cm>i' of graduation of tho aoxtant outors into the i-osiilt 
with Ita full elTccfc. 

In fioino onsoa a porsoii is so situatofl that it is nocoaflaiy to dctoniiino lila 
tiiiio roughly, 'without iiiatriinioiitfl; jiiul this oan bo clone within about a 
1ml f a minute by cfttablishing a uoomiiiark, whicli is nothing bub a line 
drawn exactly north and south, with a phnnb-llno, or soine vortical edge, liko 
the (klgo of a door-franio or window-sasht at its southorn cxtrmnjfcy. 'I'lie 
shadow will fclien always fall upon Iho luoridian lino at appavent noon. 

117. The Civil and the Astronoinioal Day. — The astrommiml day 

begins nt moan noon. Tlio dvil day begins at inldnlgbb, twelve hours 
rarlloi'. Astronomioal mean time Is reckon od round through tlid whole 
tWQiity-foiir hours, instead of being counted in two serlcB of twelve 
hours each, Tims, 10 a.m. of Wednesday, May 2, civil in 

Tuesday, May 1, 22*^, by mtronommd reckon%n{i, llegiuuora need to 
boar this in mind ill using tho almanac. 

LONGITUDE. 

118, ITavirig now methods of obtaining the true local time, wo oan 
attack the problem of loiigltiido,*wlilcli is porliaps the most important 
of all tho oconomto problems of nstJ’onomy. Tlio gioat obsorvatorlos 
at Groeinvioh and at Paris wore ostabllahed simply for rtlio purpose 
of furiilahlng tlic observations which could bo mnAio the basis of tho 
aoonrato dotormlnation of longitude at sea. 

Tlio loiigitudo of a plaoo on tlio earth Is the angle at the pole hetmen 
the meHdictn of Qreentdcli and the merkHan ixmlng through the oh- 
place; or it is the are of tho equator intoroopted botwooii 
thosQ merkllana ; or, wlmt conies to tho aamo thing, since this ai’o is 
measured by tho time required for the earth to turn snlflclcntly to 
bring tho aceoiid meridian into the same position hold by tho first, it is 
siiniily the difference of their local — tho amount by which the noon 
at Greenwloh is earlier or later than at the observor’s place. It is now 
usually reckoned in hours, ininntcB, and aeoonds, Instead of degrees. 

Sill CO it Is easy for tho obsorvor to lliid his own local lime by tlio 
methods which have boon given, tlio kifot of tlio problem is really 
.this : being at any place ^ to find the coryeepondijig local time at Oreen- 
luich willtoid going there. 
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TIig inGtliodH ot i hiding tluj longitiido may be classed under three 
different lieads i 

First, By means of signals simultaneously observable at the places 
between which the difforenco of longitude is to bo found. 

Second, By making use of the moon as a olock-liand in the sky. 

Third, By purely mechanical means, such as chrononietors and tlic 
telegraph. 

119. Under the first head we may make use of 

[A] A Ltinar Eclipse. — When tlic moon outers the shadow of the 
cartli, the plieiiomcnon is seen at the same moment, no matter wlierc 
the observer may be. ]^y noting, therefore, his own local lime fit the 
moment, and afterwmvds comparing it with the time at which the phe- 
nomenon was observed at Greenwich, he will obtain his longltmle 
from Greenwich. Unfortunately, the, edge of the earth*s shadow 'is 
so iiKlistiuct that the progress of events is very gradual, so that 
sharp observations arc inipossilde. 

[li] Eclipses of the aalellUes of Jupiter may bo used in the same 
way, with the advantage that they occur very frequently, — almost every 
night, ill fact;, but tlio objection to them is the same as to the lunar 
eclipses, — thoy are not sndden. 

[C] The appearance and disappearance of meteors may be and 1ms 
been used to determine the difference of longitude beOwoLMi places 
not more than two or three hundred miles apart, and gives very accu- 
rate results, ‘ (Now superseded by’ the telegrapli.) 

[D] Artijlcial signals^ such as flashes of powder and rockets, can 
be used between two stations not too far distant. Burly in the cen- 
tury the difference of longitude between the Blade 8oa and tlio Athin- 
tio w.as determined by means of a chain of signal stations on tlu 
mountain tops ; so also, later, the difference of longitude between the 
eastern and western extremities of the noi’thern boumlary of IMcxico. 
'Phis method ia now superseded by the telegraph, 

120. Skcond, the moon regarded as a clock. 

Since the moon revolves around the earth once a month, it is, of 
course, continually changing its place among the stars; and as the 
laws of its motion are now well known, and as the. place which 
it will occupy is predicted for every hour of every Greonwicli day 
three years in advance in the nautical almanac, it is possible to 
deduce tlie corresponding Greenwicli time by any observation wldcli 
will determine tlie place of the moon among the stars, The almanac 



however^ is tlio [)laaL‘ iit which the moon would ho hoou h)' m 
ob8o^’^’e^ at the centre of the earth, and conaoqiiciitly tlio aoUinl ob- 
acrvatioiis iiro in most cases com plicated with very d Is agreeable 
reductions for parallax hoforo they can bo made available. 

Tlie simplest lunar method Is^ 

[A] That of Moon Cvbnhiaiions, — Wo nipi'oly observe wltli a 
transit instrunient the time when tho moon’s bright limb orossca the 
mcriclhiji of the plnee; and inimodiatoly after- tho moon wo observe 
one or more stars with tlio same iiistrimiont, to give ns the eri'or 
of onr clock. As the moon Is observed on tho meridian, its paral- 
lax docs not alTcct 'its right ascension, and accordingly, by a simple 
refoi^onoe to tho almaiiao, wo can aeoertaiu tho Green wioh time at 
which tho moon had tlio particular right noconsion doterrninod by 
the observation. The method has been very extonsivoly used, and 
woiilil be an admirable one lyere it not for the olTocts of personal 
equation. 

It fieldoin Imppons tlmt the personal equation of an obflorver Is the sanio 
for such an object as tho limb of tlio moon ns it is for a starj and sinco Ihe 
moon’s motion among tlio tttnrs is very slow, tho offoefc of such a difleroncQ 
Ifl multiplied by about 30 (roughly the luiinhor of days in ainoutli) in its 
olTect upon tho longitude dodiiocd. 

[B] Lunar'DifUancefi. — At sea it is, of course, Impossible to 
observe the moon with a transit Instrument, but wo can observe its 
dislaiiGo from the stars near its path by moans of a sextant, The 
distance observed will not bo tho same that it would bo If tho 
observer wore at tlio centre of tho earth, but by a Jiinllioinatical 
pmcess oallccl “ elonring a lunar” the dlstanco as seen from tho 
centre of the earth can bo easily doduood, and compared with tho 
distance given in tho alniaimo. r'l’om this tho longitude can bo 
determined. Any error, however, in measuring a lunar-distance 
entails an error about thirty times as groat In the resulting longitude, 
ami tlie metlmd is at present very little used, the moon having boon 
Biiporsodod by tho clironomcter for such purposes, 

[CJ Occultationii, — Occasionally, In Its passage through tho sky, 
tho moon over-nina a star, ov^^omdts*' it. The star vanishes install- 
taneoiisly, and, of course, at tho moment of its cllsappearnnco the 
clistancQ from tho centre of tho moon to tho star is precisely oqiial 
to tho apparent Beml-diametor of the moon; wo thus liayo a lunar- 
distance” self-nieasiirod. 

Observations of this kind runiish one of the most neenrato methods 
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of tletemnining the cliffei'enco of loiigitiule between widely ho para ted 
places^ the only cliflicuUy arising from tlic fact tliat tlio edge of the 
tiiioon is not smooth^ but more or less nionntainoiis, so that the dis- 
tance of a star from the moon’s centre is not always the same iit 
the moment of its disappearance. 

[!)] 731 the mine ivay a solar eclip,m may be employed by obsemnny 
the moment when the moon*s limb touches that of the sun* 

It will bo noticed that these two last methods (tlio methods of oceuliation 
and solar oclipso) do not belong in the same class with t)ic niothod of hiiinr 
eclipse, bccaitSG the phenomena are not seen at tlio same instant at diftonmt 
places t but the calculation of longitude depends upon the deterini nation of 
the moo ids place in the jiky at the given time, as seen from tlie oartli’s 
centre. 

There are still other methods, depending upon measurements of 
the moon^s position by observations of its altitude or aziimitb. In 
all such cases^ however, every error of observation entails a vastly 
greater error in the final rosiilts. Lunar methods (excepting oecul- 
tntlons) aro only used wlien bettor ones are unavailable, 

121, Finally wo have what may be called the mechanical methods 
of determining the longitiule. 

[A] By the chronometer; which ia simply an accurate watoh that 
has been set to indicate Greenwich time before the ship leaves port. 
Ill order to find the longitude by the chronometer, the sailor has to 
determine its “error** upon local time by an observation of the alti- 
tude of the suu when near the prime vertical, as indicated on page 7fi. 
If the chronometer indicates true Greenwich time, the error deduced 
froyn the ohservation toill he the longitude* Usually, however, the indi- 
cation of the chronometer face requires eorroction for the rate and 
run of the chronometor since leaving port, 

Cbronometera are only imperfect inatriimenta, and it is important, the re- 
fore, that several of them should be xised to check each other. It vequii'os 
three at least, because if only Two clironometers aro carried and they disagree^ 
diere is nofcliing to indicato which one is the delinquent, 

On vGvy long voyages the errors of chronomoters are cuirmlatlvo, and tlie 
uncertainty accumulates, not merely in proportion to the time, bub more 
nearly in proportion to ike nquare of the time ; if the error to he feared in 
the use of a chronometor in longitude determinations at the end of a 
week is about two seconds of time, at the end of the month it would be, not 
eight seconds, but about thirty-two seconds, * 

If, therefore, a ship is to be at sea, without making port, move tjmn three 
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ov four iiionUus at a tiuio, tho motliod bccoiucw iiii trustworthy, and it may ho 
neceasary to rooiir to lunar diatanccaj for voyagos of leas than a inoiitli tins 
niGtliod ia now, practically, all that could he dasircd. 

[BJ lint tlio method which, whoi'cvor it Is appllonble, lififl snpor- 
sodod all othoi'B, is that of The Tele(iraph, When wo wisii to find the 
longitude between two stations connocted by telegraph, the procose 
la usually as follows: The obsorvors at both stations, after ascer- 
fcaining that they botl\ have clear weather, proceed to deter iniuo their 
own local timo by extonslvo Boriofl of star obsoiwntiona with the 
transit Instrument. Tlieii, at an agreed-upon time, the observer at 
Station A “swltchoB hie clook*’ into the tclegrapliio oircnlt, so that 
its beats aro coin imm lea ted along the lino and rcoeived upon the chron- 
ograph of tliQ other, Bay tlio western station. After the Gaatoni clock 
has thus sent its signals, say for two nihintcs, it Is switched out of 
the circuit, and the western obseiwcr now swltolios his clock \nU) the 
oironit, and its boats aro received upon the eastern chronograph. Tlio 
operation Is closed by anotlior ecrles of star observations, 

We liave now upon each chronograph shoot an aocurato comparison 
of the two clocks, showing the amount by which the wosteni clock is 
alow of the caBtorn, If the traiismlsBion of eleotrio signals wore 
instantaneous, the cltfforeuco shown upon the two olironograph sheets 
would agree pi‘Ooiscly. Practically, however, there will always bo a 
small discrepancy amounting to twice the time oocnpied in the traiis- 
miBslon of the signals; but the moan of the two dKTerenceB will bb 
the true cllfiferonce of longitude of the places after the proper correc- 
tions have been applied. 2Siipeci<xl cars imiat be taJem to determine 
with accuraoi/i or to eliminatef the pei'sonal equahions of the obsemra. 

It is ougtomary to make observations of this kind on not less than flvo 
or aix evenings in oases whei’e it ia neoes.sary to dotenniuB the dilYGronce of 
longitiulo with the highest acenraoy. The astronomical diffevonco of longi- 
tude between two places can thus bo telegraphioally dotennined within about 
the 0110'lmiidredth part of a second of time; t.fl., within about ton foot or so, 
in tlio latitude of the Unltecl States. 

It may bo noted here that llie time occupied by the transmission of dec- 
trio signals in longitude operations is not to be taken as the 1*0 al measure of 
tliB' velocity of the electric /lnid‘'npon the ^YireH, as was once supposed. 
The tlino apparently consumed in the transmission is simply the timo 1*6- 
quirod for the current at the receiving station (which current probably 
begins at tho very Instant the key is toiiohed nktlie other end of the line) to 
become strong enough to do its work in making the signal; and this time 
dotwiids upon a multitude of oirou in stances. 
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122. Local and Standard Time. — In comiootion with Ihm ui*it 
longitiiclo determinations, a few words on this subject will bo piano, i 'u 
til recently lb has always been oustoinary to use only local time, each obsri vrt 
determining' his own tiino by his own observations. Eeforo the days of fli«' 
telegraph, and while travel was comparatively slow and infrequent, this s\tv^ 
best ; but tlie telegraph and railway have made sncli changes tliat, for umny 
reasons, it is better to give up the old system of local times in favor of n 
system of standard time. It facilitates all railway and telegraph i(j bti-.i. 
ness in arornarhablo degree, and makes it practically easy for every nim f . 
keep accurate time, since it can bo daily wired from aoino obsorvalory lo 
every telegraph office. 

According to the system that is now established in this country, ilient in-* 
five such standard times in mse, — the colonial, the eastern, tlio central, Oi*' 
mountain, and the Pacific, — which differ from Groonwicli time by exaclly 
four, five, six, sevci), and eight hours respectively, (he miniUes and secomla In intf 
idenlical evert/ where, At most places only one of these times is cinj>h\vril ; 
but in cities whore different systems join each otlier, there are two Hljuularil 
times in use, differing from each other by exactly one hour, and from fln‘ 
local time by about half an hour. In some sucli placo^i tlio local tinu* uIm* 
nmiutaina its place. 

Tn order to determine the standard time by observation, it is only mM'- 
essary to deter mine the local time by one of the metluxls given, and ennrri 
it according to the observer’s longitude from Greenwich, 

123. Where the Day Begins, — If w'e imagine a traYol](}r slur) ini: 
from Greenwich on Monday noon, and journeying weatw'ard as swiftly im (ln‘ 
earth turns to the east under his feet, lie would, of course, keep the aim exarlly 
on the meridian all day long, and have continual noon. Put what noonV 
ft was i^tonclay wdien he “started, and when he gets back to London, tw'milj ' 
four hours later, it is Tuesday noon there, and there has b(?en iio intorvimliig 
sunset. Wbcu does Monday noon become Tuesday noon? The cemvim- 
tiou is that the ckanf/e of date oectm at the 180M iiteridian from Gt'eeutvirh. 
Ships crossing this line from the east skip one day in so doing. If it Ih 
M onday forenoon when the ship reaclie,s the line, it becomes Tuesday fore 
noon fclio moment it passes it, the intervening tw'enty-foiir hours beitiK 
dropped from the reckoning on tlie log-book, Vice versa, wdioii a vunsrl 
oroasGs the line from ilia western s<V/e, it counts tlio same day twice, pasHlug 
from Tuesday forejmon back to Monday, and Imving to do its 'Tuesday over 
a^ain. 

This ISflth meridian passes mainly over the ocean, hardly touching buul 
nnywdiere. There is a little irregularity in the date upon the dilVeinut 
islands near this line. Those which received their earliest European inlmld'' 
tants via the Cape of Good Hope have, for the most part, the Asiatic dalG. 
belonging to the west side of the ISOth meridian ; while those that wore iip» 
. proached via Capo Horn have the American date. 
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Wlion Alaska wnn I. ran Hf erred from lluRsiii to ilio UiiiLmI StiiioHi It was 
necessary to drop ono djiy of tlio week from tlio ollloial dates, 

THE PLACE OF A SHIP AT SI5A. 

124 . The determination of tho pltico of n ship nt boh Ib cummer- 
uinlly of 8L10I1 importance tlmt, at the risk of a littlo rcpelltlcn, wo 
collect together lioro the different inethoda avail able for iks dcLenni- 
imtion. The methods omployoil are ncccHsarlly sncli tiuit obbcrvii- 
tions can be made with the aoxtaiit and olironomotei’j the only 
inatrumentB avn liable under tho clrciunBtniiccs. 

Tho latitude Is nsuully obtalaod by obaorvatioiia of tlio siin*K 
altitude at noon, according to tho method oxplnliiod in Art. Jt)3, 

Tho Longitude is usually found by dotormining tlio error upon l(»ual 
time of tho chronometer, which carries Grreonwlcli tlino, The iieo- 
caaary observations of the Blm^s altitude should be niado when tlio 
8un Is near the prime vertical, ns explained in Art. IIG. 

In the case of long voyages, or when the clivoiiumctor lias foi‘ any 
ronson failed, tho longitude may also bo obtaliiect by ineasuiing ii 
lunar-distance and comparing It with the data of the nauliciil alinanac. 

By these methods separate obsorvations arc nuoosHciry for blio liiLl- 
tiidc and for the longitude. 

136 . Sumner's Method. — Recently a now mothod, Hret proposed 
by Captain Sumner, of Boston, (n 1843, has boon coming largely into 
use. In this method, each observation of tbo suiVb alfcLtiulo, wltli the 
corresponding olirouomcter time, is made to doflno the position of tho 
ship upon ft certain Hue, called the circh of poRttion, 'ITvo such ob- 
servations will, of course, dotermino tho exact place of tho vessel at 
one of the intersections of the two circles, 

At any moment the sun Ls vertically over sonic point upon tho 
earth’s surface, which maybe called the aub-scflar pouU. An obsorvor 
there 'would have tho suu directly ovorlicad, Koroover, if at anv 
point on the earth an observer mcftBures the altitude of tlio Him with 
his sextant, ike zenith diHlancQ of the sun (whicli is the complomont 
of this altitude) will he hie diRlance from the Rub’^Bolar j>ohU at the 
7noment of observation^ reckoned iu degrees of a great circle. 

If, then, I take a teiTcstrlal globe, and, opoiiing tbo dividers so as 
to cover an arc equal to this observed zenith dlstanco of tlio sun, 
put one foot of tho dividers upon tho Bub-solar point, iind swoop n 
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circle on the surface of the globe aromul Lliat tho olmurvcr 

must be somewhere on the circwnference of that cirde ; luul nioniover, 
if to the observer the sun is in the southiooMy he luiiiHclf niimt bo in 
the opposite direction from this siib-solar poiiitj northeast uf i( . 
In otlier words, the azl'inutli of the sun at fclio time of al ion 

informs him upon what 2mt of the cirde ho is situated. 

Suppose a similar observation made at the flame pliiee a fovv licmrH 
later. The sub-solar point, and the zenith dlfltanee of the huh, will 
have changed; and we shall obtain a now oirole of position, with its 
centre at the new sub-solar point. The observer must bo at one «>f 
its two intersections with the first circle — ^ whlcli of tlio two iutiu'- 
sections is easily determined from the roughly observed nzinnith of 
the sun. 

If the ship moves between the two observations, the proper tillow- 
ancG must be made for the motion, Tliis is easily done hy shift- 
ing upon the chart that part of the first ctrclo of position wlioru tlin 
ship was situated, carrying the lino forward parallel to itself, liy an 
amount just equal to the sliip^s nm betwoen the two observathniH, 
as shown by the log. The intersection with the second otrole Hum 
gives the ship*s place at the time of the second observation, 

The only problem remaining is to find the position of the Huh-sular 
point” at any given moment, Now, the latitude of this point is oh. 
viously the declination of the sun (which is found in tho ahnaniu!), 
If the sim^s declination is zero, tho sun is vortioally over some imiiit 
upon the equator. If its declination is + 20^ it is vortioally ovei* 
some point on the twentieth parallel of north liititudo, ete* 

In the next place, Ms longitude is equal to the Gveemokh apinm nt 
solar time at the moment of observation ; and this is given by the 
chronometer (which keeps Greenwich moan solar time) , by siinply add- 
ing or subtracting the equation of time; so that, by looking In his 
almanac and at his chronometer, the observer has tlm posltloti of the 
sub-solar point immediately given him. (See note, [)ago 00.) 


Sup^wse, for example, that on May 20 (the Rim*8 deoliimtiou bc^iiig -p 

oiiwC'rn’ “mo II), ay by fwtroi.()i»ionl rerk- 

S £bv „ 8U11 is obsorvecl to huvo tin nllikuir, 

Tho aub-solar poh.fc will l.b,,ii bo 
tndfof 160 » l»titu(lo of -hSOo, and an iniat l(in,ri. 

in the figure. And tho radius of tlm « cirolo of lumitioit" 
the distance from A to 0 ^ will bo 50« ^ ohimoii, 

.itiSru fcS '■ 7“'? ‘i'" 

ound to be 65 The sub-solar point will tbon Im at B, latiludu 
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loiigiiudo 80^ \V., ajicl Llju i-juliius of tlio olrclu of iioslfclou fJC will bo 
25°,, O h(nng tlio hIiIjVs places 

Of coui'.SQ ib would bo iiniuuictioaMo to carry on a vessel a tor res trial 
globe largo onougli for tlio accurnbo working out of the graphical opiruliou 
indicutxjcl, bub tables are provided, l)y whioli tlio necoHSiiry port bins of the 
IKJsitioii oi roles can be easily drawn upon tlio ordinary charts. 


N 



128. The peculiar ftd van ttigo of the nietbdcl is, that ft alnglo obHor- 
vfttion is used for nil it Is worth, giving acGundely the position of a lino 
upon which the ship is somowliero situated, and aiipYoximaldy (by tho 
rough obsorvatlon of tlie sun’s nzlninth) the part of timt lino upon 
wliicli its place will bo found. In approaohlng tho Ainorloaii coast, 
for instance, if an observation bo taken in tho forenoon when tho 
aub“Bolnr point is over tho continent of Africa, tho ship’s position 
•elreio will lie nenriy parallel to the coast, and tlioii a siuglo ohserva-^ 
Uon will give approximately the distance of the ship from laud, which 
may bo all the sailor wish os to know. The observations nood npt i)0 
taken at any particular tiiiio. Wo arc not lunlLcd to observations at 
noon, or to the time when the sun is on the prime vortical. It la to 
bo noted, however, that emrythiny (le^\o,nih vyon the dtronomeler^ as 
much as in tlie ordinary' olironomctric dcteniiinatlon of longitude. 

127. Detennination of Azimuth. — Aproblom, Important, though 
not so often enooniiterod ns that of latitude and longitude dofcevmliia- 
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tious, Is thst of (letuniiiaiiig iho uziimlh, o?' tnw hv.amnj, of a limi vjh-u 
the earth’s surface, Tlie process is tliis: Willi a Uicoiiotilo liavii'j' 
an accurately graduated horizontal circle the oliwu-vcr pi.tnlH itlfor- 
nately upon the pole Htar iind iiihhi ii ili,*- 
taut signal erected for the piii'piiKC ; llie 
signal being an artillcial nlar consiMltng ui 
a small liole in a plate of mcltil, wilh n 
Imirs-oyo lantern or other liglit lieliiint ii, 
U is desirable tliat it Hlioiihl be at IcomI 
a inilo away from tlie observer, ho tlml 
any small displacement of llm 

will he harmless. The llicoilolit,, „a,Ht 
be earcfiilly ndju.H(ed for collim,il,i,„i, anil 

especial pains must Im taken to Imvo (lit! 

. .u.™.-,joK3imiu«iioiiof Aiiimuih, tl'c tclcseopc pm'fcctiv hiVcI. 

next morning by iliivlinlil, (lie uli. 
obi'ecL"'?^"''^’* ^'«twcen tlie nighk-Higmil lual tlie 

objects whose azimuth is required. f. «■ mm um 

bc^wee!^^t'‘"‘’^™ <lim>r.'nec 

is Poin e^ oircle, obtaiuetl wlien the leleHeojie 

azimuth of the tLnr' a’s ,ld" ' "'f o’’ 

at which each observation of the'*! T f'” i’"^"’ *"’"'‘''’*’‘'1 

o"d the nziimuii of tl . , ^ 1 1 ° 

’n-ia can easTy b ,0 7 



^ <,;V. 

sea that the side is t),„ I, ^ "lornlian, wo at nneo 

■P.? is the complement of the obser^s kl' 

and the angle at 7 ^ is the diff,...n , ® '"■btudo (wl,],,h must bn known)- 

Jtar and the sidereal time of the owSon''.''?rf'^'“; 

the meridian at tlie time, and («-,) g V, ■ ’ •'* "I' 

»“»"■ >i»» h»v. 1,0 ,i,i„ 1 ; T*; 

"■'1 produce any elteot iiL, 11 '>•() olmnrvatlon 

aanght between five and six hour, befora ^1'.? ' 

^DUoie or after its upper oitlminalion, ut 
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a tijuo whoii it ciuuigca itn a/iinutli vory slowly (non.* or S*' in Llio Agui-qJ. 
Tlio sun, or any otiior hoavonly body whoso position is glvoii in fcliti almaiioo, 
can also bo used ns a roforonoo point in tlio saino way, provided siiJBolonfc 
pains is taken to scoiivo an aocurato obsorvation of tho tinio at tlio instant 
when tho pointing is mado. 'I'lio altitude should not oxcood tliirty dogroos 
or HO. But the res u Its aro usually rough com pared with tlioso obtained by 
moans of tho polo star. 

DICTERMINATION OV THE POSITION OP A HEAVENLY BODY. 

128. TiiQ poaltion of a heavenly body is doflued by its right 
ascension and declination. These qimntitloB nmy bo dotermlnod — 

(1) By the meridian olrole, provided tlio body is bright enough to 
bo soon by tlio Instrument and comes to the meridian in tho niglife- 
tlino. If the instrument Is in exact adjustment, tlio HulerecU turn 
when the ohjecl croasoH tho middle ivire of the retide of the iiiatnment is 
diredly (according to Art. 27) the rujhi ammion of the object* 

T'lm reading of tho circle of the inatruineiit, (jorrcctod for refraction 
mid parallax if necessary, gives tho polar didauee of the object, if 
till) polar point of tho circle has been dotcrininod (Art. (IG) ; oritgives 
the xenith didmwe of the object If the nadir point has been detor- 
minod (Art. G7). In ’cltlier case the dedimilon cun bo • inuiiediutoly 
(lediicod, being the complenionb of tho polar distancOf and G(|iial to 
the latitiido of tho observer, minus tho distnneo of tlio star south of 
the zenith. Oiio oomplote observation, then, with tho meridian circle, 
determines both the right asooiislon and doollnatlon of tho objoot. 

If a body (a coniffc, for Instiiiico) is too faint to be observed by 
the tcloscopo of tho meridian circle, which is seldom very powerful, 
or if It does not oomo to the meridian during the night, wo usually 
acoompllsh our objoot — 

129. (2) By the Equatorial, determining tho position of the body 
by measuring tljo difference of rigid ascemion and dadinalion be- 
tween It and some neighboring star, whoso place is given In a star 
catalogue, and of course has been dotennlned by the meridian olrolo 
of some observatory. 

Til inonsurliig tills differenoo of right aHooiusion and doolhiatlon, wo usually 
employ a Alai* micro me tor Attcd like tlio rotlolo of a morldlan olrolo* It cal'* 
vies a number of wires wliloli lie norih and Roiitli in tiio A eld of view, and 
tliQso are orossod at right anglas by one or mom wii'oa whioh can be moved 
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by the miciomctcr sciow The (Ufjcwmo of utihi tmni'^iou Ih'Iuim’H lijit hI \i 
and the object to bo dotoimmod ih niousuiod by Hilled y obwiv in |; llm 
chionogiaph the transits of tlio two objects uoiohh tlin nmlli mad uimMi 
wiies, by bisc( ling (MU b ()bj(*ul ^^llll mitt m 1 lb* 

iniciometei 'sviies as it ciossos tlio niicldlu ol I1 h> Hold nl \ mw 'I h»' ob 
seived diffoionco imiftt bo collected lot lelnu 1 itni and fni lliii iiudmn m 
tlio body, if It IS appieomblo 

Otliei less complicated mioioinotoi« aio also in nso, Oiin of (vdli >l 

the consists moiely of mi op.upui ling HUpjioilcd in tlif li< M 

of view eitliei by being comonted to a glass ]dato ni )»y Mimnbn* mini i»f 
metal. The obseivations aio inado by noting Ihei liannils of I ho ( itniiKii coi 
stai and of the object to be de ten niiied mmm Ibo oulei and Ininn udgi * nf 
the ling. If the ladiiis of tlio iing in Icnown in aeooiulK <if iuo, wts i iu 
fi 0111 these obseivations deduce tho clilfmmices both of light asiHondnn nmt 
deolmation The icsults aio loss acouiato timn tlioso gmoi by llu» 
miciometei, but tho ling imoiomotoi has tlio advanlago (liatitfmi bmint il 

with any telescope, whether oqnatouully numnicd oi not, mid 

adjustment 

Theie aio also many othoi inoihods of e fleeting (lio aanio olijeel 


130 To Compute the Time of Swnnso or Snnaot. — 'I'ti sol\ n lUlh 
lein,ieisoiilynccessaiYto\voikoutllioJ{ l*S IhiuikIii mid lliiilllm Imiii 
/>, liEvving given pieoisely tho snino dntu us in lindnig llio (inio In it 
altitude ot tho sun (All 110), 7'/^ ih Ihii olisiMvors on lalilndi', y.S n lh> 
complement of the aun’8 deolmation (given hy ttio alnmminj, mnl llm tiii<> 
chstnnco fiom the /enitli to tho coiitio ol llio mm at ilin inoni(* 3 iK> U t 
nppei edge is at tho honvoii is fl0° hO', which Ih intiiln u]) nt 110“, | 111' (l])i> 
mean semi diametoi- of the bun),phw 81' (Urn moan lofuietiim ut III,. In.i w«n). 
Theiesulting hom angle i’.ooii'cclod foi thopipiiition of liiim^givim (li.« iiii'un 
time (local) at wiiioh tho sun’s uppur Innh Imidn-H (Im Jioil/im, tin. 

aveiage onouinslaiices of toiiipoialuio mid bnionmUllo pieHmiin, if it K vi-i i 

ietaided,liya oonsuloiablofiaotion of a intmilo. 1C Urn mtn ilsi.s »r u-ls 
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CHAPTER V. 

THE EARTH AS AN ASTHUNOJIJOAL HODV* 

Apphoximati? Dimensions — Phookb of its Rotation — Accjuuatk 

DeTEHMINATION ok its FoJIM and Size 1\Y GK01>1^TIC OlM-lltATIONH 

AND Pendulum Ouservations — Asthonomical, Gkouktio and (Jko- 

OKNTiiio Latituds — Dstkomination ok TiiR Eartu'b AJasb and 

Density. 

132, Haying disouesacl the loothocla of nitiklng fietroiioniloa! ob- 
servations, wo are now prepared to consWor tho earth In its awLio- 
noniioal relations; those facta rolatlng to tho earth wlildi are 
nscortalned by astrouomlonl inothods, and arc slinlliii* to tlio facits 
which wo Bliail Jiavo to consider In the enso of tlio other plnneU. 
The facts arc broad 13^ tlieso : — 

1. 7*he earth is a great bally about 7918 viClen in dianietef, 

2. It rotates on its a^cCs cnice in tiventy-four* mlorml hours, 

8, It 13 flattened at the the polar dlainotor beinp; nearly 

twenty-seven mz7e«, or one two hnndred ami nimty-jijlh jmH lens tliun 
the equatorial. 

4. It has a mean density of about five and sm-tenths times thd 0 / 
watery and a mass re^j^esenied in tons by sio) with twenly’-ona Ciphers 
after it (<w’ six aexlilllbns of toiiSy according to the Frmch numeration ) , 

6. It is Jlyhig thro'iigh space in its orbiial motion around the wan, 
with a velocity of about nineteen miles a second; i.o., about severity- 
ave thnes as swiftly as any cannon-ball. 

Z 

138. The Earth’s Approximate Form aad Size.— It is not iiocciRanry 
to dwell upon tbe ordinary proofs of Its globulnrlty. Wo inoroly nion- 
tlon them. 1. It can be oircuinimvigntod. 2. The iiiipoaruiico of 
vessels coming In from sea lodlcatos that the Burfaoo is every whom 
convex. 3. The fnot that tho aon-Jiorision, ns soon from nn eiiii- 
neaco, Is everywhere depressed to tlio saino oxtont holow the Jovol 
line, shows that the siirffioo ia npproxiinntoly sphorlcnl. 4, Tlio fact 
that as one goes from tho eqimtor toword tlio north, the olovutloii of 
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tho pole Increases propovtiomiUy to tlio (Usiniioo (nun tin? {’iiuntcii » 
proves the same thing. 5. Tli^ aJuiAlam oj iha an n^tou 

tJiQ uiooii cU the time of a lutiay eclij^sct ihai whivJi aulji (t 
could cast* 

We may add as to the smoothness and giohuluvil-y ot’ llu'* iMirth^ 
that if the earth be represented by an ]8-incli globo^ the diUiOvnrt* 
between tl\e polar and ccinato rial diameter would uid}^ i>e ninAd-iMU'* 
sixteenth of an inch, the highest iiiountainB upon the imvlh's Hiirr(uM‘ 
would be represented by about ono-oightioth ol' nn iuob, and iho uvvo - 
age elevation of the continents would be liardly grcatcu' tlmn ihni t>f 
a fllm of varnish. The earth is really rotatively Hinoot’lioi* uinl 
rounder than most of the balls in a bowling- alloy. 



Fio. •l-l.-'Oiirvfttuie of the Eavtirs Surfiico. 


134, All approximate measure of tlio diaiiieier iu easily obttnntfd. ICnMdr 

iipim u htvisJ plain tlnt e 

^ ^ rods in liiav a miltMiiiiii (♦ 

uiul out olT th(ur at 
(,be Kitiiin IrtvtO, lunvl'nlly 
iletenniiird wHli a siii' 
' veyor’s In veil trig inhlfii- 
Mieiit. U will Mieli lu< 
round tliut tint lim^ A < \ 

Kig. <l'h jtuuiug t 111' ex- 
tremities of the two tevmiiial rods, pa«se« about eight iiuilit's below like 
top of the middle rod. 

Suppose the circle yli?C compl(3tGd, and that J*: ia tlm point dti Hmmup 
cinnfetence opposite so that BIU efpials tlie dijuimior of tlin (Mirth ( U A*)- 

By geometry, BD : BA = BA : BB, 

whence ai* 

BD* 


Now BA is one mile, anU 7m= § ot a (ooi, m- ot a miUi. 

Hence 2if = — j— i or 7020 miles : a very fair up) wixiimiliDii, 

On account of refraction, however, the result cannot be jninlo rntr) ))v 

™ r“'r-, <• « "“"k •«' 

cunes slightly towards the earth, and dUferently as tlie weatlior «l.an,<e«. 
JfL aacertabing tho sbo of tho cftrti, in 

rlJer tf 'f 

from wWoh wT om a<>f,nv, 

ftom whiob we immeclmtely get the oirciunforciieo of ll,o 
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TIiIb luoiisuro iiivolvQB two distinct npcmlloiis. One — Llin luciisui'o 
of the juiiiibor of inilcH — Is purel}' fcho otlioi’ — tho dotor- 
ini nation of tho iiumbov of dogroes, ininutos, and Boconcls between 
the two stations — is purely aHtmnomicaL 
Wo have to find hy (ifilrommtml obHorvallon tlic angle ludween tw'o 
mdll drawn from tlio oontm of the earth to the two stations (iHigarding 
tliQ earth as spherlenl) ; or, what Is tho Bamo thing, the angular dis- 
tance m the shy between their rc^pectUe zeniths. Tho two BtaLlona being 
on the same inoriditm, alt tliat is nocoasnry Is to inoasuro llioir lalilHiles 
by any of tho inotbods whloli have boon given hi Cliiiptcr IV. and take 
the dlffoi’enoo. This will bo tlio angle wanted. If, for iiiBtancc, tbo 
diatauco between llic two stations was found by nieasui'otnent to bo 
120 miles, and tim diJlortnico of latitude was found by astioiioiiilQul 
oliscrvatlons to bo 1*^ 44\2, wo Hlioultl got 09.27 miles for one degree. 
Three hundred and alxty. times this would be tho oirc inn fere nee of 
the earth, a Httlo less than 25,000 inllos, and tbo diamotor Avould bo 
found by dividing this by tt, wliioh would giro 7920 miles, 

130, l'>atosthom‘H of Aloxandriu smaiiH to luwn iiuderstood ilio nmtbw 
as early ns 2r>0 n.o, 1 1 is two sliatlons were Alexandria and Syeno in Upper 
Egypt. AtSyene ho observed that at uooii of the longest day In HiiiniiK^r 
there wns no shadow at tla^ bottom of a W(dl, the huh being then vijrtlcally 
ovorliend. On tho other liund, tho giioinnn at Alexandria, on fcho Haiiie day, 
by tlio length of tho sliadnw, gave him Vu ^ eiroumfoniiKiO, or 7° 12' ns the 
distanco of liie sun from (lui /ouilh at that x>hieo, whioh, tlioroforoj is the 
difforonco of hititudo l)o tween Aloxiuidiia and Syejio, 

Tho weak place in Ills work was in Llic nwmsiu'{3rnont of tlio dlrttaiicn be- 
twQon tho two placoR. IIo stafcoa it ns 5000 stadia, thus making tho oimniu- 
foronco of tho earth 250,000 stadia; but wo do nob Icnow the length of his 
ahidiuiii, nor does bo give any nccount of tIm means l»y which ho mensUmd 
tho distance, if ho niooflurod it at all. Tlinro sceni to have boon (is inmiy 
dilTGrcnt stadia among the annlont nations nfl fcliovo wore kinds of Effect" In 
Eiiroixi at tho bog inning of this r^mtury, 

I'lm, first really valunbh^ iiumMiire of the tiro of a inmidian was iluib nindc 
by Picard in Nm-lliorn Fmnon in 1571 — tiieiiuniHiin^ wldob served i^ewtoii so 
well ill his vori Ilea tinn of the idea of gravilntlon. 

II. 

^ 137. The notation of tho Earth. — At I ho tinio of Co[uu’iuoiis tho 
only argumoikl In fuvor of tlio otirLlds rotation* wm that ilu* liypolh- 

> Tho ward denoiea a spinning niolion like ihnt of u wlieid <iii lisaxls. 
I'ho wnnl revolve ie mnro general hi its iipplioniloii, niid niny ho aiij>llo[l either ta 
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esis was more j^vobable than tliat the Injtivoiis thenmolvos rc‘Volvfl*tK 
All phenomena then hioimi wouhl bo BCimibly tlio saino on (mIIum 
supposition. A little latei\ analogy could bo addiutocl, foc ^vIhui tin* 
telescope was inyciited, we could see that the nun, moon, niul HC\'orrii 
of the planets are rotating globes. 

At present we are able to adduce expcriinoiital proofs w I deli ubwn.. 
lately demonstrate the earth^s rotation, and souio of t\unn av<‘ii iimko 
it .visible. 



138, I, The Eastward Deviati07i of Bodies fdllhuj from a Gveut 
UeUjhl, — The idea that aiich a deviation onglit to occiiimvuh llrnt 
suggested by Newton. Evidently, since the top of a towoi', Hitiiutod 
anywhere but at the polo of the earth, doHoriboH ovory 
day a larger circle than its base, it muBt move fawLorp 
A body which is dropped from the top, retaining itn vx- 
ccss of eastward motion as it dosoends, numt therefciro 
strike to the east of the point which is v(?rticMiily inulor 
its starting-point, provided it is not dcrto«to<l in its fall 
by the resistance of the air or by alr-cnrrontH. Fig* 4r> 
illustrates the principle, A body starting from tho 
top of the tower, reaches tho earth at 1) {III) be- 
ing equal very approximately to AA'), while during 
its fall the bottom of tho tower 1ms only moved JVcnii 
B to The experiments arc delicate, slnoo tbo do^d- 
''“•y it is not easy to nvoul tfio 

Kodjr. effect of air-ouiTonts. It is also oxOrotnoly didkiiilt to 

get balls so perfectly spherical that tiiey will not slnsor 
olf to one side or the other in falling. 

The best experiments of this kind so far have been those of Jinnzoiibovtr 
perfonned at Hamburg in 1802 , and tl.ose of lleioh, porfomnod n H 1 i';,’ 

thooaHteru .Icvinli.m 

obo gave a cSrfSd 


Fio, 45, 


to describe 'he inotloii"of"onrbody m-onmU 

the snu. ""““'or, n» that of tl,o oarih nroiin.l 
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''i'lio formula g^voii by Worma In liia treatiao on “Tim Earth and itd 
AfocliaiiiHin/’ Is 

d J/ (//— 003 <p 

whoi’Q A? ifl tlio deviation, Ha tlio iininhnr of acooiuls oooiiplnd In falling, T 
tlm uiiinbor of hocoikIr in a flkloroal day, JI tlio Ji eight fallou tliroiigli, and 
A tlio dilToronon bobwcon IT and tlio lioigbt through whiuh a body would full 
in t HccoudM if tlioro wore no rofliatanoo (flo that a = J f/l^— //)♦ Eiiially, tp is 
tlio latitude of tho plnco of obsorvatiou. Tn latitude dC® a fall of 570 foot 
Hhoiikl give, noglooting tbo rcsistancjo of the air, a dovintion of l.d7 inolics. 
'I'liG roHistanco wonld IncroftMc it a little. 

It will be noted that al !ho polCf where tbo coflliio of the latitude equals 
zero, the cxperbnoiU fails, Tlio largest deviation is obtained at tho equator. 

139. 2. FoucanU'a Peiidulum Expariviont , — In 1851 Fouoaiilb, 
that moat iiigoiiiouB of Froiioli 
phyaloiats, dcviacti and Orst oxo- 
(iiitod an oxporlmcmb whioh aotiially 
aliowfl tho oarth*8 rotation to tho 
oyo. Kroin tho dome of tlic Pan- 
tlioon in Paris ho suapendocl a lunivy 
11*011 ball about a foot in (liainoUu* 
by a wiro nioro than 200 foot long 
(Elg. d3). A oirenlav mil boiuo 
twolvG foot aoroaa, witli a libtio 
lidgG of sand bnllt upon it, was 
placed under tho poiidulnin in such 
a way that a pin attaohoil to tlio 
swinging ball would jnsb sorapo 
tho sand and loavo a mark at onoli 
vibration. Tlio ball was drawn 
asido by a cotton cord and allowed 
to conio abaolutcly to rost; tlion 
tho cord was burned, and tho pen- 
dllluin sot to swinging lu a triio Pio, 46.^ Ifonoouiea Pendulum ICxporlment 
piano ; but tlila piano sooined to 

devial(^ slowly ioimrds (he rigid ^ oiittiiig tlio sand In a now pliipo at 
each swing and shifting at a rate wliloh would carry It complotoly 
around In about lliirty-two hours if the poiidnhnn did not Hrat como 
to rest. In fact, tho Hoor of tho Panthoon was soon turning under 
tlio piano of the pondnlnni'a vlbmtion. Tho ex^xirimont oroatod 
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great eutlnislasm at the time, and has since been very freqtionily 
peribi'ined, and always witli substantially the same results. 

140, The approximate theory of the experiment is very simph*. 
Snell a pendiihim, consisting of a round ball hung by a round wire or 

, else suspended on n pointy so as to he equally free to sioing in any pluae 
(unlike the common clock peiulnhim in this freedom), being sot up 
at the pole of the earth, ffonld appear to shift around in twenty-four 
hours. Ideally, the plane of vibration remains invariable and the 
earth turns nncler it, the plane of vibration in this case being un- 
affected by the motion of the earth, This can be easily aliown 
hy setting up a similar apparatus, consisting of a ball hung by a 
thread, upon a table, and then turning the table around with as litLl(^ 
jar as possible, Tiie plane of the swing will remain unchanged hy 
tliG motion of the table, 

Jt is easy to see, further, that at the equator there would be no siuih 
teudenoy to shift. In any other latitude the efTect will be in tor medi- 
ate, find the time r^quii-ed for the pendulum to complete the revolu- 
tion of its piano will be Uventy-four ko^trs 
divided hy the siiie of the latitude* The north- 
ern edge of the floor of a room (in the nortluii'ii 
hemisphere) is nearer the axis of the earth 
than its southern edge, and therefore is car- 
ried more slowly eastward by the enrth^s rota- 
tion. Hence it must shew around contimmlly, 
like a postage stamp gummed upon a whirling 
globe aiiywliere except at the gtobe^s eqimtms 
I'lic southern extremity of every north a ml 
south line on the floor continually works to- 
ward, the east faster than the northern ox- 

„ . tremity, causing the line itself to shift its diree- 

Kxplaimilon of llie ToucAnlt .. 1.1 ^ 

Pcrici Ilium Expel irntm. accordingly, compared with the dirootion 

it had a few minutes before, A free pendu 
linn, set at flrsfc to swing along such a line, must therefore apparently 
deviate contiiinally at the same rate in the opposite direction. In 
the northern hemispiiere its plane moves dextrorsum; /.e,, with Ihe 
hands of a watch : in the soutlierny its motion is sinislrorsum, 

141 . Suppose a parallel of latitude drawn through the place in question > 
and a series of tangent lines drawn toward the- north at points an inch or s<» 
apart 011 this parallel. All these tangents would meet at some point, F, Fig, 

which is on the earth’s axis produced ; and taken together those tangents 
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would fonn a oono \Yitli itfl point ai T. Now 1C wo fiiippo.so this coiio cut 
' down upon oiio side and oT>oncd up ( toohiiically, ^Uleveloped ft would giro 
us a sector of a oirolo, us In d8, eiikI the aii^lo oC tlin Hcotor would be tlu* 
sum total of tho nnglea iHifcwcoii all tlio ad j a ecu t 
mciidiaus taugciit to tho oarth oil that pnrallol. 

Now it is onsy to prove tlmfc tho angle oC this sec- 
tor Gf[nal8 ddO® X sin being’ tho latitinlo). 

(1) Tlie olrcuinforonce of the parallel AB (Fig. 

47) = 2?rX-fieoH^, since ii! xcoH^^yiD, whioli is 
tlio radius of the pnrallol, R being ACy tho radius 
of tho glolio, and the ftiiglo >4 CD equal to 00^— <^. 

(2) Tho side AV ilic cone (wbioli will bo the 
radius of tlio sector when tlio cone is dovolopod) 

= 7fcot0; so that the oirouinforenco of tho oirolo 
which has VA for iLsrndiiifl would be 27r x if cot(#». Fku ts, — lioveiopcj Cone. 

ITenco (Aflid' being tho oii‘oiiinforouco of tho 
[mrallnl foriuliig the odgo of tho dovclopnd sector ABA*Vh\ Fig, 48), the 
angle of the floctor AVA^ (gi’oator than 180° in tiio hguro) : !100° =«>■<? 
ABA*\ wholo oirciun Foriiiico ABA *in ; or anglo V : ‘100° = if cos ^ ; if cot tp ; 

wlienoo 7=fln()o5‘^Li.-=U()()«Hlti ^>. 

cot^ 

V la tho total angle descri bod by tho piano oC the peiiduluin in a day. 

At tho polo tho cono produced by tlui t4 in gent lines InmoinoH n little 
“button," a coinplote oirolo. At tho equator it boeoiiiofl a ct/litulerj and the 
angle Is zero. 

In oixier to niaho tho oxporlineiib sue cos sf ally, many prcmaii lions iiinst bo 
taken. Tt is spoolally Important that tlin pendulum slioiihl vibrate in a true 
plane, without any lateral motion. To scouro this end, it must bo carefully 
guarded against all jarring motion and alr-ourroiiLs, To diminish the effect 
of all Buoh d is turbaiiGOS, which will always occur to a certain extent, the 
peudnlom should bo very heavy and very long, and ^)f oourflo tho Busi^euded 
ball must bo ti-iily roiuicl and smooth. Ordinary olock-worh cannot bo used 
to keep tho Twndulum in vibration, hIiico it iiniab bo freo to swiTkg in overj' 
piano. Usually, the apparatus onoo started is loft to Ibself niitil the vibra- 
tions conSG of tlicir own acoo)‘d ; biib Foueaiilt oontrivod a Jiiost ingen ioim 
electrical apparatus, whiohwo have not space to doscrilie, by nieaiiH of wliicb 
tlie vibration could ho kept foi* days at a tiino without producing any 
hurtful diatur banco whatever. 

It will bo iiotlcud that this oxpcriuiont is most offeotivo precisely wliei'e 
the 0X]>orlniGnfc of falling liodloa fails. This Is liest imar the pole, the otlier 
at the equator. 

142. 3. Bi; the Gyroscop^y m oxpoHmciit also dno to FoucauU, 
and propoaocl and executed soon after the poiidnhnn oxpci'hncnt. 
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The instrument shown in Fig. ‘i3 eouBiats of a wheel Hu iiiounLod in 
giinlials- thnt it is free to turn in every tlirccUoiii and so 
hfilancod that it will stay in any position if nudisturbod. If thn 
wheel be set to rotating rapidly, it will maintain the dimHon of ifs 
emu invariable, nnleas acted upon hp eielranooua J\>rce. Jf,* thc*n> 
we set the axis hori^coiital and arrange n inioroscopo to waloh n 



mark upon ono of Uui gim- 
bals, it will appear slowly lo 
shift its position ns tho oarih 
revolves, in tlm stuno way i\n 
tho piano of tlio pondulnin 
behaves. 

143. 4. Thoro are many other 
pheiioinGua whiah depend iipim 
androally domoiistrato t)ie etirlh^n 
rotation, We inoroly ineiilinji 
Mioin : 

«. The Deniailon of PvoJeiUilen> 
fn tlio northorn hemiHjdiero a 
projootilo always <loviat(‘H (o\var< la 
the rights in the soutliorn lionii* 
sphere toward the loft. 
h The Tr'ude WinrU* 
o» The Vorliicosa Iloifotuiion rf 
the Wind in Ci/chnes* In tim 
northern hojnis2>Jjf)ro tlio M'ind in 


J’Kh 4t»,-KoMcauJr8 Oyro«cono. nujv(>3 flpiraiiy towaiila 

tho centre of tho storm, 

‘?onthpvn fhA I* * , counter eloo/^^toia&y %vhiIo jn ffui 

sSitx s «■» ""‘lo'* ' - 

.mta .1 rc , 

to ttie right ill ttie northern heraisuhero itn^ t Jt'w UroJecMlc'H, 

heniisjiliere, so tlmt they do not riiLt ’ towards tlie loft In tlio Boiilliorn 

tli« north wind, under ordiimru t northorn lioiiiiniilioro 

«ortheastw«,cUoa;. a norfcliofiHtt a 

in the opposite direction,’ it is sak}\o‘«ia^^H K'davIiuI C(liiiiip:oH 

hemisphere it of course backs nvrt/T^ 'W'oiiutl. fn tlio aoutlnirii 
of ihe early Australian settlors! cliHcoucovtimmli 


It might seem at first that the rotation of 

twenly4o«r,.onrs,is..otaveryrnpUlmo:io 


earth, wlitoh ooct^pitM 
^ point au Clu'. n<j\uv» 
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tor, liowovci'j to move iioiirly onu bhoiiHtuid miles an hour, wJiieli 
is about ilftQGD luindrccl foot por second, and very nearly tlio speed 
of a cauiion-ball, 

144. Invariability of the Earth^s Rotation. — It is a question of 

threat itnportiuico whether fclio day changes its length. Theorctioally it 
must almost jmcessarily do so. Tlio f notion of the tides, ajid the 
deposits of mofcooi'ic matter upon tlio earth both tend to lengthen it; 
while on the other hand, tlio earth’s loss of heat by radiation and 
consoqnont shrinkage must tend to Bliorton it. Then geological 
cliangos, the elevation and Bubsidcnco of contInoiitB, and the trans- 
portation of matter by rivers, act, some one way, some the oilier. At 
present it can only bo said that the ohaugo, if any has occurred sinoe 
astronomy bocaino ueenrato, lins been too small to bo dotootccl, The 
day Is certainly not longer or shorter by yiir ^ second than lii tlio 
days of Ptolemy, and has not changed liy of a socoiid. 

The criterion is found In comparing the tmoH at whicli celestial 
phenomena, such as oclipsofl, transits of Mercury, etc., occur. 

III. 

145. The Earth’s Form, more accurately stated, is that of a 

spheroid of revohUmn^ havhu/ an eijualoridl rudius of fi, 877, 1177 viGlres, 
and a polar radim of (1,858,270 metros^ accoi'ding to LiHiing (J870); 
or q/’ (5,878,200.4 and 0,880,588.8 iHmpeotlvoly, /e Olarh^i^ 

It must bo imdorstood, also, that this statoinont is only a second 
approximalion (the llrsflioing that the enrtli is a globe). Owing 
to mountains and valleys, oto., the earth’s surface does not atrlctly 
correspond to that of any goomotrloal solid whatever. 

'i’lio Hatton ing at tlio polos Is the nocossnry coiisoq nonce of the 
earth’s rotation, and might have been cited in the preceding seotlou 
as proving it. 

14G. The re are two ways of determining the form of tlio earth : 
one, by nioxmmment of diHlaiicm uimi its suvfofiQ in cMnevlion with 
the lalUudes and longitudes of the points of olmrvalion. This gives 
not only tho/om, but the dimensions. The other method is by the 
observation of the varijmg force ofgravibj at ?;ar/r)Wfl — obser- 

vations which ai’o made by moans of a pondiilum apparatus of some 
kind, and determine only the fornh but not the size of tlio earth. 


' Tills 1b Clarko’e Rpborold of 1800, mid (a ndoptod by tlio Uidtod fltnlea Const 
and Goodotfo Survey. See Appotidix for bia spiiorold of 1878. 
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147. 1, 3Teasiirements of Area of Aleridum iu ]) if \^rvnt Lafittafvs, 
— To determine the size of tlie eartli rcgiiixkul m n spluu'o^ ji .s/mj/m' 
me of meridian in any latitude is snnknent. AHSuniing, howin'-cr, 
that the earth is not a sphere, but a splieroid with ollipticul inin itliiiriH, 
we must measure at least such arcs, one of which Hliould \univ 
the equator, the other near the polo. 

The consists simply in (iiuling with the gnuiloMt 

passible accuracy the di//ere?me 0 / the toniihinl hIiI' 
timis of the meridian arc. The f/cotoio w?7<t cojisintH iii iiumsiiriiig 
their from each other in miles, feet, or inetrcfH, and it is thbi 


riu^ 


part of the work whioli consumes the moat time an<l Iiihoi 

process is generally that known as triangulnt ton. 

Two stations are solootcd for the (extremities chf a 
base line six or sovon miles long, mid the ground 
between them is levelled as if for a vuilmad. 'I'br 
distance between those stations (A and 7/ in kig, f’Hi) 
is fclien carefully measured hy an appin'itiais <?H[nHdatly 
designed for the purpose and with an error mo( 
exceed half an hicli or so in the wlndc distuiimn A 
third station, 1, is then cliosen, ho si tun ted that it will 
be visile from both A and 7J, and all the anglou td 
the triangle Ali 1 are nieasunul with gi*<‘jii; onru hy h 
theodolite. A fourth station, 2, is then Himfi 

that It will be visible from A and .1 (and if poHniblo 
from B also), and the angles of the Irianghi .1 1 : * m it 
measured in the same Way. Tn thismaiiiuu’ Mm wlndr 

with a network nf ^'^^vored 

made two of the f|./ * terminal stations tlminsolvcm iK-hijj 

'»ea oi .he iL , ; .‘„s rwir** 



PlQ, fio,— JV THftngulntion, 
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sooallod Aiiglo-Frcnoh arc, oxtoiidhig luoro than twolvo degrees in lojigth ; 
tlio Indian uro, nearly oiglitoeii dogroes long; and Iho greab Knsfla-Soandl- 
navinu arc, ninro Hum twoiity-fivo dogroos iu huigdj, and ]'(iadung from 
iruniniortost to tim moiibli of tlio Damibo. Quo short arc hoa boon nicnsurwl 
ill Soutli A morion and oiio in South Africa. 

Ill a genoi'iil ^vjiy, it iiiipoars that tlio higher tlio latltiiclo tlio longer 
the are, TIuih, near llio equator tlio length of a degreo Ima been 
foMiid to bo 3112,800 foot in ronml nnmborti, Avhiloin nortliorii Sweden, 
ill latitude 00®, it is 005,800 feet; in otiior words, the earth’s Hnrfnee 
is Jlatli^v Dv.itv It is iieeoHHiiry to travel 0000 feet further in 

Sweden than In India to increase tlio lutitiido ono degree, aa nionsiired 
by tlio elevation of the celestial polo, 

148. Tlio deduction of tlie exact form of tlio oarth from such 
ineasiireineiitK is an abstruse problem. Owing to orroi's of observation 
and local deviations in tlio direction of gravity, the cliJTcrGnt ares do 
not give strictly arajonhiiit resnltis, and the best tliat can bo done is to 
find the result whivh mont i}earhi mUnJlan all Iho. o5,vcm<//on,9. 

Jf w<? asHinnc that tlio form is that of an oxaH niiilamrUl of Tevolnllon^ 
with all the nieridians true ellipscH and all exactly alike, tlio ])roblem 
is slmidincd Bomowliat, thoiigli still too coinplic3Hted for disouBKlon 
lici'c. Theory indicates that the form of a revolving in ass, ihild 
enmigli to yield to tho forces acting In such a case, mifht^ ami prob- 
ably ho HHvh a i^phoroUl; but other forms arc also thoorotU 

cally possible, and some of tlin moaBuromonts mther indleato that 
the equator of tho oartli is not a true olrclo, but an oval ilattoned by 
nearly lialf a mile. On tlio whole, Iiowovcr, aBtroiionicrs arc dis- 
posed to take (iho ground that sinco no regular gooniotrloal solid 
wimtsoover can abHohtldy represoiit tlio form of the earth, wo may as 
wtsll nssnmo a regular s|)horoid for tlio standard surthce, and eoiiRider 
all viiriutioiis from it as local pliciioniona, like hills and valioya. 

149, ]<]a{',h nnuisurninont of a dogron of latibiido gives tlie of car- 

imtnref ns it is called, of the moridian at the degree moasunttl. Tho loiigbh 
of a degree from to multiplied hy 57.20 (iho mniibnr of de- 

grees ill a nidian), gives the riidiiis of the ostmlatorn civclo^* wlileli wonhl 
jimb fib (ho luirve of (ho inorldiun ab Ihiib point. ITuving a table giving 
tlie fudntil length of onoh clogri'o of latitude, wo could cons tr net iho eartli'B 
nioridliui gi’Hpliioally ns follows: — - 

Draw (ho linoylA', Fig. 51, On it lay off ylu, equal to blio radius of ourva- 
tni'o of the first ineiiRnrod degree (Mint is, 5711 fclmos tho lengfcli of tlio dogi'oo), 
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and with rt as centre, describe an arc AB^ making* tlio anisic Auf^ junl aim 

dogTGo. Next pi'odiKJa tlu» JUi tn K 
making Bb Uio raduia n£ curvni ura nf 
tlio second degreo, at 1*1 draw tliin wi'i‘cnni 
degroe-aro; and ho procoml until fln' 
whole ninety have hoan drawn# *MjIh 
will give one quarter nf the imuddian, nml 
of course tlie throo ollitn* (|niir!erH iiiv nil 
just like it, (?, oL( 3 .| are oalhul (hi* 
“centres of enrvaturo of tlio ditrereui 
degrees, 

If wo assn mo tlio enrve <:o lie an 
ellipse, then the oqnatorlal Heniidiiuneler 
-dO, and the polar, 7^0, are given resiier- 
nadii of Ciirvnturo of iho Movldinn, lively by tho two fonniilas, A Or- 

• and PO— q ami p being tho radii 

of eiirvatare (Aa and Pe in the figure) at the equator and pole* 

160. The "eUiiMcity" or ^^oblcUenm ” of an olUpso is tho fruotlon 
found by dividing the difference of tho polar and cqimtorial tliimiolu'vs 
by the equatorial, and is expressed by tlie equation 





A-B 

" A 


of ?8rr'"if "T?'' to Clai'Ico’s aplior.ii.l, 

. Until within the last few years Uossol'a minvlliir vuliir, 

_ VZ*- J3» 

Z~~’ 

symbol is usually e, i 2 .i "S “gfunst g j j.. j|H 

pnialleloflatititdlwouldbeenuali nioiwiued nloiig miy 

the cosine of tlie latitude. Ou an oblate ‘f" 1>V 
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grecfl of ioiigltiulo tiro oviclontly oyorywhero flliortor fclmn on tlio fiplioi'o, 
t]io clifterGnco holiig gi’catcBb at a latitude of 45°. 

Ill fact, arcs in atu/ directio7i hehoeen Rfadons of winch hoth the laiilnde mul 
longtUide are known can Iw utili^ad for tlio puriK)sc ; and tIuiB tho cixtoiiftlvo 
fiiiryny.H tliub imvn hewn iimdo in difporont oouiitvios Imvo given iifl a pretty 
accui'ato kiiowledgo of the earth*H dimensions. It is voiy dosirable that in 
so III Q ^vay tho olmin of actual inoasuronionbs should bo ox tended from tho 
tmstorn continent to tho AVCHtcrii, but tho lininoiiso clifllonltles of so doing 
are obvious. 

At present tlio distaiioo from a point on tho oartli's Burfaoo (say tho ob- 
Horvatory at Washington) to any otlior point in tho opposite lioniisphoro (say 
tiu) obsoi'vutory at tho Capo of Goo<l Ho|K 3) is iincovtaiu to perhaps tlio 
extont of a qiiartor of a inilo, 

162. 2 , l^endnhm Ex) )Grimen is . — 81 nco 

(riy'Hlos, p. 72), 17 = yi 

wo can thorofoi’O nicnsuro tho varhitlona of tlio foren of gravity, (/, 
at clKTcronfc parts of tho eurtli, oither by taking a poiulnlum of in- 
variable length and dotonnining /, tho tlnio of its vibration; or by 
nioasnriiig tho iongili, Z, of a pondnlmn which will vibrato secoiids, 
ICxtonalvo anrvoya of tlihs Bort havo boon inado, and are ntlll in prog- 
roBB, aiui It Is foniHl iliat tlio/orcc of gravity al thapole exemh that at 
the equator by about part. In othor words, a porBon who wolglis 
100 poiiiulH at tho (KpuiUn' {by aaprhuj balance) would, if oarriod to 
, tlm polo, hIiow 101 pounds by tho aanio balaiico. 

Tim apparatus most used at prosoiit for tlio puiqmHo of inoaBurJng tlio 
force of gravity is a modi (1 cation of tho fio-oallod Kator'a iX3iuliilum» Tiio 
poiulnlum itself usually con sis tg of a brass tubo about an i noli in dianiotor 
and about four Teot Inng^ carrying a ball tlireo or four inolies in aiainetcr at 
each oiuk hoth halls being exactly of the Siune size^ hat one solid while the other 
is hallow, 'ihvo Icnifo edges aro inserted tliroiigb tlie I'od at rigid aiigloa, 
ono near the heavy ball and tho other at Just tlio sanio dlstanoo from Ilia 
Mghtor ono, and the weights and diinGiislons of the appamtiiH aro ao adjusted 
til at tho time of vihralioix will he eery approximately (he same whether the peuda- 
lm\ is swung heavy end up or light end «p, and will he ml far from one second. 
Tho dlsianco between tlio knifo edges will tlion^ nocordlng to tlie theory of 
the ponduluin, bo very nearly equal to tho loiigtli of a simplo ponduluin 
vibi-atinglu the samo tiuio; and bho small dilTeronoo can bo acouratoly cal- 
oulatecl wiion wo know the exact time of vibration, oaoli end up, The 
knife odgos swing on agato planes which ai’o fostonod u|>om a firm support j 
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and great pains must be taken to have the support lirui* 

Peivcft ot ouv Coast Surrey a few years ago detected iiniKn’Utul ciTut's in ii 
majovifcyof the earlier pendiilutn observations, duo to insiilVKUoiit- tuivo \\\ 
this respect, 

163. Ti^e observations consist in coni paring the pendulum with ii 
either by noting the coincufenceHf*^ or hy im oleotrica) rotjovtl uuiiuutU leally 
made on a chronograph. A pin attached to the and of iiuY pvnvdulum 
touches a globule of mercury (which is monientarily riiisud for ihu puipuso 
once in eight or ten minutes), and so records tlio swing* upon Urn idivunn- 
graph sheet. The observations need to be carefully covnKJl.oil for fafftjii rufttrr 
(^YMch, of course, affects the disfcaiino between tho kiiifo culgon), ftii* Uu- 
length of urc through which the pendulum is swinging, and for tho 
of the ah\ The obsemtions detcrnuiio the ** force of f/rnviti/"* (bh‘cuoh 
^^pesanleur*^) at tlie station. This *^forco of gravity,** lif)W(svor, tbim dntor^ 
lohied, is not simply the earth’s auracliotii but incliulos alfio tho offtioln <*f Oin 
centrifugal force, due to the oartlPs rotation, which wo imiHt oouHiclur aii«l 
allow for, 


164. At the cqvifttov the centrifugal force nets vertically in dlrnirl 
oppositiou to gravity, and is given by tho wclt-kiiown fnrnnila 




P 

R 


(see Physics, p. C2), in which V is tho velocity of tliu oai th’H H„r. 
face at the equator, and R tlie earth’s radius. Sincn V is tuitinl li> 
the earths circumference divided by the number of hoooikIh i/j u 
sidereal clay, we have 


t ’ 


and C= -! 


‘Wm 




mmLT, 7""‘ “ii"' i »™l < 

is ll_ I ■ tlwcfore, ooinoa out ». H I f.o.l, wlii.-li 

^ of being 32^ feet. 

wjual gravitv; that on -»• B'eater titan now, uimI would 

alULvim£ra„d\“ * «-ina(.orwunld wnigl, 

nyiijg. ‘ ^ y of notation would Wind Miion 

»J olliet MM., .I„„ MJ f^oQ .0, jfoo,, 
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foroo, c, equals Ocost^, acting at right angles to tlio axis of tlio cai'th 


Now, this centrifugal 
n 


and parallel to the plane of the equator, 
force 0 ia not lokvlly olYectivo in dimin- 
ishing tliG woiglit of a bodjs but only 
that portion of c (Mli in Fig. which, 
is directed vertically . c is MT in the 
Hgiiro, and iJ/7^ Is equal to o innltlplied- 
l)y the cosine of 0, which (In ally gives 
uh(?Xcos*</? for the ainoinit by which 
the centrifugal force diinlniabea gravity 
at a station whose latitude is 0, 

Every detcM-nuiiatioiq therefore, of the 
“ force of gravity,’* obtained by the pond n I inn, needs to bo increased 
by tlio quantity 

X cos“0, 

2Hi) ^ ’ 



Frn, r> 2 . 

Tlio JiJrtrth*H OontrlfngQl Foroo. 


in order to got the real value of the earth’s gravilatiomd tUlniction 
at tlio point of observation. 

Tlio other component of c (vix. il/X) nctn nt riglit angles to gravity iliuI 
parallel to tlio eitrth’H siirfiiee, mid is given by tlm formula 

if C imn tp hUi tfi 2 

'PI 10 direction nf still water is deUir mined by the reHultanfc of tlin earth 
attraction combined with tills delleothig force acting lowiirdH the equator; 
^RO that tills Hurfneo Ifl not iwpondioidar to a line drawn towards tlio ceiiko 
of tlio earth anywlioro excepting at tho ocpiator and tlio imiIoh, 


169. Having a series of pendulum observations, wo can then form 
a table showing tlio force of gravity at each atalion ; anti correcting 
tills by adding tlio amount of the oontrlfugal force nt caoh place, w^o 
shall have tho force of the oartlPs attrnotlon, Tills Is gronter tho 
noaror onoli station is to the oontre of the earth; hut iinfortnnatol, 
there is no simple relation connecting tho force with the dlfltiuico. TIi 
attraeiioii depends iiotonly on tlio distance from tho centre of liio cartlh 
but also upon the form of the earth iind tlio constitution of Its Interior, 
and tlie arrangement of Its strata of different density. Wo may safely* 
assume, liowevcr, that the earth is miulo up concnnlricallyj bo to spoalc 
tho strata of equal density being arranged like the coats of an onion, 
On this hyijotliesls Clairant, In 1742, demonstrated tho relation given 
below, which Is always referred to as Clalraure equation. 
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Lot 10 be the loss of weight between the equiitoi- luul tlu! iidIo, hihI 
(7 the centrifugal force at tlio plaiiet^s equator^ both oxpiOHsi d 

fls fractions of the equatorial force of gravity, and lot d l)o llie 
ellipticity of the planet. 

Then, ns Clairaut proved, 

d + w =3 2A X G] 
whence d^2i 

In the case of the earth we have 


which gives 


'^“^^^ 289 “190’ 
1 


202.8 


Considering all the data, the most that can safely bo snicl as to d Ift 
that it lies between the fractions and (Olarko's inten’ vuIih^h 
for (I are lai^ger than that adopted by ttic Coast Survey*) 

166. Astronomical, Geographical, and Qoooentrio Latituclofl. — 'i'lio 
astronomical latitude of a place lias boon denned ns the elevtUion n/ 
the poh^ or, what comes to the same thing, it is the anrjhi botwv.e}i ihiJ 
iMmeof the equator aml the direction of (jravity at tluit phuro, how- 
ever that direction may be affected by local causes. 

The latitude, on the other hand, is the nuulo ut 

the centre of the earth (as the word impIIoH) 
between the plane of the etpiator and a line 
drawn from tlio observer to tlio (soiitre of 
the earth, which lino of course dooB not 
coincide with the direction of gravity, nlnee 
the earth is not spherical. 

The geographical or gaodelic lalltiuhf of 
a station is the angle formed with the plane 
of the equator by a lino drawn from tin* 
station perpendicular to the su 7 \fiice of iht 
standard spherokh 

If the earths surface were slricily spheroidal and there were no ioent vnna> 
wns of g)avUt/, the astronomical latitude and tlio geographical latUiido 

g^’eatlyj but tbe goocoiitrlo laUtiidn 
a ^;ery considerable quantity^ as miieh 11' In lath 

oxGopfe in certain nstro. 

uoimcal calculations where parallax is involved. 



N 
Fig, 63. 

wSstronomlcal nnd Qeocenlvlc 
LtuUude. 
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In Fig. 5)1, tlii^ iLiigli' Mi HI is Mio gocK^cmtrla Iftiitmlo of j 1/, wliilo MNQ is 
tJiG geographical JnMtudo. MNQ is also tliu ftHtrononnoiil latitiulo, iuiIohh 
thorn is .spiiin Inoul di.sfciirhjiiicc^ of Mio diroclloii of gravity. TJio aiiglo OMN^ 
which 1h the dilVoroiioQ hotwiKJii Miu gcMHioiiirlc and »H(.i’nnnnncal lulitiithsHj is 
( 111 ) led thG amjh of iliQ verliciil'* 

157. Ttwill 1)0 notiood that tlio aHtronoinioal hititiulo of a plaoo Ih 
tho only oiuj of thonn tliroo hitUiiclort wliloli m (hHo.rmhicd dirocili/ hy 
ohHP.miiion, ^In oi'dor to know* tlio {feomitm uiul (jmymphkal latl- 
fcudoa of a place, wo nnmt know the form ami (llinoiiHlonH of Llio earth, 
which aro iiHcicrtaliKHl only by tho help of oliHcrvatlonK iniulo olsinvlicro. 

The goooontriu dugrooB are long^or near tho o<iinitor tlian near llin 
poles, niul it 1 b worth noticing that if wo form a table giving the length 
of caoli degree of gp.oijmjihiml latitmle from the o([nutor to tho polo, 
tlio finme table, rejul haeliwanh^ gives tlie Imigtli of ymmiiHc degroi^H. 

Sineo the earth Is ollipsoidal instead of npherioal, it is ovldejU that 
linoH of ‘‘ level on the oartlds nurfruie arn affeeted by the oartlds ro- 
tation, If this rotation were b) onasr*, the dire(?Llon of gravity would 
bo HO tniiol) ehaiigetl that the (lUlf of Mexico would run up the MU- 
slsHippl IMvor, hoeuuHO the dUtaiKio from llui (leiilre of the earth to 
the head c)f tho rivov Is less by Hoiim llionHunds of feet than tho 
distance from the mouth of tho river to tho etmtre of tiie earth. 

168* Station Errori. — 'Phu IrreguInvltic.H In the direethm of gravUy 
aro hy ne innauH InHouslblu as ceiniavred wlLli the aeeiiracy of inedorii aslni* 
iioinloal ul^scrvatlon, and the di[Teroiicn Imtweon the asiroiiomUul iatltiide 
and longltiido el a place and tlio googru}>1il(iiil Intltude and lengiiiule of the 
same pliioe censtituto wliab is ealled Mie ^^HhUiou iurnv"' In the rmstern part 
of the United St4itefl those statien orrorn, (Kutording to (lie (loast Hnrvey 
olisorvations, average abent Errors of from A** in urn net imooiii- 
men, ami In moimtainuus ouinitrioH, m for iiiHt-aiine in tlio UauotisiiR and In 
Nortlioi'n India, tlicse orrers oneaslonally amount to or 4(V', 'J'hoy am 
not » errors ** in the soiiso tliat the nslroiiomleal latitude of tlie plauo has not 
hc(m dolnni lined oormotly, but are merely llio oFTcota of tho Irhigiilur dlstrl- 
biibion of mattor in the ornst ol theeuiib bi alUwJng tlie dln'ofcioii of gnivlty, 
Ponduluiii obRnrvatloiiH show local viirlfttions in tho fovco of gravity iiniUi 
proportional to tlio dovliitlons wliieli tins stntlon-orrors show in its dirrotiou, 

IV, 

169, The Efljrth'fl Mass and Density. —The ‘ vum* of a bcsly Ih the 
{/mnlity of matter that It contains, tlio unit of nianH being the quantity 
of mattor contained In a certain iirhitrary body which is taken as a 
standard, For instanco, a ‘Mdlogram” is tlio quantity of matter 
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contained in the block of platinum preserved at Taris an Htiunlard 
of mass,^ A pound is similarly dcfinod by reference to Iho pixd^o- 
types at IVashington and London/ 

Two masses of matter are defined as equal which reqnira iho Httute 
eajpejKhlar^ of energy to give timi the seme velocihf; nv vteo 
those are eejucd which ^ 2 vlien they hem the seme iUe 

seme enerejy^ emel^ in ejiving up llieir motmi and cominej io rcsiy ih> 
the same amount of ivorJc, 

Masses can therefore be compared Inf placing them In lha same ficid n/' 
force ami comparing the energies developed in them when they have moved c\p\\\i 
didances under the (xction of the force, Tliis method, hoW(^vor, Hiddoin 
convenient, 


160. Proportionality of Mass to Weight. — Ntswton hIiowocI l»y liiH 
experiments with pciiclitliiiiis of diiferont subatanocH, tliat at tiny 
given point the attraetion of the earth for a bod^’ of miy kliul of 
matter is proportional to the mass of that body ; the nttj'iixfkion lioiiig 
measured as a pull or “ stress” in tliis cnao, and cnllod ‘ ‘ the. mitjhl " 
of the body. In other and more coninion Inugiiagc, Iha mitsu nj' ct, 
hodij is irroporlimal io its might (wo mn.st not say it in its w-oiKbt). 
pi 0 , ided the weighing of the hodics thus compared isdoitC) in chhom 
where scientific accuracy is essential, at llte same jilaeo on tiu) cartli'M 
suiface. Practically, therefore, we usually meusuve the iiKtsscs iif' 
hollies by simply Weighing thsM, It is to be carefully obHiu'viul, li(>w« 
ever, that the words “kilogram,” “pound,” “ toiij” oKs,, liiivo jiIho 
a secondary meaning, as denoting units of pull nixl pimli, — «>f 
“sfms,” speaking strictly and teclmioally,— or of “foroo,” m tliut 
inncli abused word is very generally used. 


r,lf PouiuM as of a mass of a hundred pounds. h,il tlm wm d 

if thZrH H ‘ H"’ 


^ V* , . — ' — iiinvuvur, is HO fJuil 

rtenayinwlnch the ambiguity caino about is porfeotly obvious, und it is 

■m ftug'iinge will ever change so as to romovo it. To a 
18 aamittedlv n.. . a-. 1 . . . 


luidly piobable that „ tjvei- cnange so as to romovo it To a 

c m eKte.it It 18 admittedly aiifoi-tiinate, and tlio atiidant mnnf. aiwiiva l.a 
.» li.. 8a..d atmiitet it. At the im.,,,, . „,to . 
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weighs** very noarly 100 pounds; but, to nutiolpato BligMly> at an olova- 
bion of 4000 iiiiloK abovo tho'Burfaoo, tlio eamo mass would ^‘wolgli ” only ‘25 
2 :)oiindH ; ab tlie d is tan go of tiio moon about half nu ounco ; whiio on tho 
siii-faco of llio Him it would weigh** uoavly 2800 ikuuuIh, 


161. Gravity. — Tho law of gravitation disoovored by Newton do- 
cluros tlint any pmiide of mailer atlmota any other with a force 

stress f if tho bodies aro provoiitod from moving) *proi)OYlional 
invmcly to the square of the distance helween ihem^ and tUreetly to the 
product of their Qnaeaes ; or, ns a formula, wo iiiny writo, 




IP 


]\l\ X 


in whlclj il/i and aro tlio two masses, and d tho distance between 
them, while k is a ooustant miinerical factor dopoiuling upon the units 
employ ocl.^ 

Wo must not iumglno the word ^*aUraci** to moau too nmcli, It nicroly 
fitates tho fact timt tlici'o la a lemlency for tho bodies to move toward oacii 
other, without hiohiding or implying any explanation of tlio fact. 8o fur, 
no explanation hna apponi'od whioh is less dillloiilt to ooinprclioiid than 
tho fact iLsolf. Whothor ])OdioH are dvaum Uignthor by some out-side notion, 
or pushed together ; or whethor they tins in so Ives cun act across space svilh 
inafclieniatioal iutolllgonco, — in what way it is that “ attraothni ’* comes 
about, ia still unknown, — apimrcnlly as lnsoruta)>lo as the very niitum and 
conatitiibion of an atom of iimtlor ItsolCj it is simply afnulamtintal fact, 


162. When tho dlstaiioo botwcon attmoting bodloB ia largo aa com- 
pared with their own magnitude, then rookonlng tlio dlBtaiieo butwoon 
tbclr centres of niaBs aa their true dtetaiioo, tho rormula ia soiiBlbly 
true for them ns it would bo for moro partIcloB. Wlioii, howovor, tho 
distmiGO is not tliuB groat, the caloulatlon of tho attrnutlon booomoB a 
Yory Berions pmhlom. Involving wlmtls known os a “double integra- 


’^Ifc will not do to write the formula 

rff 

(omitting tlio Jt), uiiIoab the units nro so ohoaon that the unit of foroo shall bo 
equal to the attrncUon botweon two innssoB each of one unit, at a distanco of one 
r^aiV, It ia not true that tho nttraollon between two pnrtlolos, oacli having a 
mABB of one pouar/, at a dlataiico of o»s yboi, 1 b equal to a strefla of one potiud (of 
force), ns would rather naturally bo inforrod if wo eliould write tho oqunHoii 
without the constant factor. 
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tion/' We must find the attraction of each parfcitjlo of tho flrnt hoiiy 
upon each particle of the other body, and tiilco the huiu of nil tliCHo 
infinitesimal stresses. Newton, however, showed tliat if the htnlitjH anf 
spheres^ either homogeneous or of concentrio druoturey then t?tcg attract 
and are attracted precisely as if the matter in them ^oero whoUy collevlt'd 
at their centres. The earth, for instance, attracts a body at U« mv~ 
face very nearly as if it were all colleetod at its own centre, HKlf) 
miles distant; not exactly so, because tho earth in not Hlrhidy 
spherical i but in what follows wo shall noglcot this sUglit liiuucuracy. 


163. In order, then, to And the mass of tho earth in kih1J>rnniH, 
pounds, or tons, we must find eoino moans of accurately <?()in[)ariiig lln 
nttraction for some object on its own surface with tho attnu^tioii of (lin 
same object by some body of known ninss, at a meiiHiircd (llBlanm*. 
The difileulty lies in the fact that the attraction prodneod by any body, 
not too large to be handled conveniently, is so cxcosHivoly nmull tliul 
only the most delicate operations serve to detect and luoasurcj it, 

The first successful attack upon the problem was made In 177d hy 
Maskelyne, the Astronomer Royal, by moans of what in now iisiiaH v 
referred to as, — 



164. 1. <‘ Titb Mountain Mkthod,^* becauBC, in fact, tho imrtli 
m this operation is weighed against a mountain. 

Two stations wore chosen on tho same meridian, one north niul nim 
south of the mountain Soliehalllen, in Scotland. In tim llrnt idiuMS a 

careful topograpliical Hurvoy \vtu< 
made of tho whole region, giving Mh* 
precise distance between Hin hCk- 
tions, as well as tlui exact dhuen- 
sions of the mountaiji, which is a 
hog-back” of very regular contour, 
brom tho known dlinenHioiiH of tho 
fi. « emrth and the nioaHVircd dlHLuiwnt 

° WaMJca^ latitudea of tho two il/ aiKl .V 

X r T ? 

latitude, ie., the angle whieh thn ni’ i^' dill[’(?r«iic;(» of 

found to be 63^^ tho nhimJi r J^Gbuilly do make, wuh 

unal position by tho attraotion of tho niountnii. to tho 


Fiq. 64 . 

The Mountain Method of Detormining iho 
EarUr® Density, 


I 


i 

i 


r 
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Gxtont of 6^^ on oaoh side ; so that tho aBtroiiomloal diCforenco of 
latitude was inoi'oniiQd by 12^^ over tbo geographloal. 

^ m 

NoW| in auoh a ooae tho ratio of gravity to tho defleotiug foroo, \ 
aooording to tho laws of tho composition of foroos, Is that of \ 
aM to a A' in tho flguro (Fig* 55), or the ratio of 1 to tho tan- V 
gent of tliG dollGction, 8; that is, calling tlio doflecting force /, {7^\ 
we havo cot 8, == oot 0'^ in this oftse. \ 

By the law of gravitation, the earth's attraotUig force at its . \ 
surface is given by tho formula 

■ if? Fio, 66. 


where J? is tho mass of the earth (the uii known quantity of our problem), 
and if its radius, 4000 miles. Similarly, if (7 In the figm-e is the centre of 
attraction of tlio mountain, Ave have 


m being the mass of the mountain, and d the distance from C to tho station. 
Combining this with the preceding, wo get 


or, in this case. 


\/JvK 


S. = cot 0" I 


We thus get the ratio of the earth* 8 mass to that of the woun- 
tain; and provided we can find the moss of the mountain in tons 
or any other known xiult of mass, the problem will be completely 
solved. By a oarefnl geological survey of the mountain, with deep 
borings into its eti’ata, tho moss of the mountain was determined ns 
ncoiirately as It could be (though hei*o is the weakest point of the 
method), and thus the mass of the earth was Anally computed. 

Noav, knowing the diameter of the earth, its volume In cubic feet Is 
easily found, and from the volume and tho known number of mass- 
pounds, (02^ nearly) in a cubic foot of water, the Avolghb the earth 
would have, if composed of water, follows- Comparing this with tho 
mass aotiinlly found, we get the denslt}^ which in this experiment came 
out 4.71. 

A repetition of the work in 1832 at Arthur's Seat, near Edinburgh, 
gave 5.82> 
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a' a a" 

' 9 9 


165. 2. Much more trustworthy results, hoAvover, nro olitiuiuu] )>y 
the method of the toiision balanck, first devised by MioludI, l>ut 
employed by Cavendish in 1798. A light rod^ ciirryinf^ hvo sitifill 
balls at its extremities, is suspended horizontally at itH oeiitrcj by u 

long lino metallic Aviro. If it Im al- 
io Aved to come to rent, hikI Mumi a vwy 
slight dertocting force bo applied, ibe 
rod Avill bo pulled out of poHilton by 
an amount doimnding on tbo 
and length of tho Avire, iih widl jih 
the force itself. When tbn (Itdbmiiiig 
force is removed, tlio rod ayIII vibndc 
back and forth until broiiglit to leHt 
by tho resistance of tho nlr. The 
torsiqnal coeffiGle7it^** i\H It 1 h calh-il 
tho stress coiTCHpondiiig to ti tor- 
sion of one revolution), oiin lui iircii- 
rately determined by observing lliu time 
of vibration when tho dijmniHions and 
Avoight of the rod and balls ai'o kiiinvti, 
Fio.SO.-riaiiof UioTorfilonBnlanco. If> nOAV, tAVO lai’gO bulls A Uud 7/ fil'C 
, brought near tho smaller on oh, iih In 

i'ig. 56, n deflection will, be produced hy their attraction, and tin- 
smali bn Is will move from a and b to a' and b'. By Hluftiiiu' tlio 

large balls to the other side at and 5', wo get an ecinal d.dlectioii 

m the opposite direction, U., to ci" and b», and the dilTorcnt.i lic- 
tiveen he two positions assumed by the small bulls, ,ui.l 

W', will be twice the deflection. 

>nast ais^ ...J: Z rrt' t r' 



JH 


"'I'"''" 

near it Is foiind ditaotly ”"'*'11 "'1'' 

the Me atoaa,! „ 
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V 

dolloctlng force, which wc will oiiH / fts boforo, will bo of a grain. 
Cull the jnasB of the largo ball and lot d ho tlio ineaBnred dlstaiico 
from Its contro to that of the doilootod balb Wo shall thou have 





whcnco wo got, very luucli ns In tho prooeding caao, 

13 AdJ' 

irlilch gives tlio mass of tho earth in torms of B, 

Tho method dlQbrs from tho i)rooQ(llng In that wo nso a large ball 
of nictftl instead of a mountain, (iiid nioasiiro its doHootlng force by a 
laboratory experiment Instead of comparing astronojuloal obsorvatlons 
with gcodotio measuroments. 


166. In tInJ carllor oxpavhnonta by tills niotliocl tlio hi nail balls woro 
of load, aliout two inolioH In diamotor, at tho oxtroinitlos of a light wooden 
rod, hvo or six foot long, onolosod in ft onso with glass ondfl, and tliolr posi- 
tion and vibration was observed by n tolosoopo looking dlrootly at thorn from 
u dlstiuico of sovnral foot. Tiio atbraotlng inassos, /i, were balls also of load, 
■ab^nlt ono foot in diamotor, mouiitod on a fraino plvotod in Huoli a way 
tliiili tlioy could bo easily brought to tho rcsiuirud poRitlons, 

Groat (ll/llouUy was oaiisod by air oiirronta in tho oaso, and it was nccos- 
a ary to oiiolono tho wliolo apparatus in a small room of its own wliioli was 
oovoi'cil with tin-foil on tho out-Hldo, and to avoid going near tlio room or 
allowing any nuliant lioat to sfcriko it for ho am boforo tlio obsorvalionB. 
llaily, in J'lnglaiid, and Tloioh, in Gernitiny, holwoou 1868 and 18^12, mado 
very oxtoimlvo sorios of ohsorvationa of this kind, Hally obtainnd 5.00 for 
the oartli^H doiislty, and Hoi oh 5.'18, 

Tlio ox[K)riiiionfc was ropoutod in 1872 by Cornu, in Paris, with a modi Awl 
uppanituH. 

Tho liorizoiitul bar was in ibis ojiho only half a motro long, of alumlninm> 
with Hinall platinum balls at tho ond, Pur tho largo balls, gloss glolKjs woi’o 
nsod, wliioh could ho pumped full of moron ry or omptlod at plonsuro, Tho 
wholo was onoloHod in an ali'-tlght onso, and tho air oxlinusted by an air- 
pump. Tlio dofliKjtions and vibralioiis woro obsoiTod by moans of a tolo- 
BoojKj watching tho imago of a floalo roflcctod in a small mirror attaohod fo 
tlio aluininhnn bo am near its contro, according to tlio method flmt dovisod 



114 THU BABTFT AS AK ASTllOXOMIOAL BODY. 

4t 

by Giinss and now so geiiomlly used in galvauoiiiotors and similar ajiparatus. 
€onm obtained 5.60 as the reanlfc^ and showed that Ihiily’s iiguro required a 
uorrecfclon whicli, when ai^plied^ would roduco ifc to 5.56. 


167. ' 8. PoTSDAsr OiiSEuvATiONS, — During 1886 and 1887 anotiicr 
aeries of obsorvations was mado by Wilsing, at Potsdam, with apparatus 
similar in principle to the torsion balaiico, except that tho bar carry- 
ing tho balls to bo attracted was verlicali and turned on Unlfo edges 
very near its centre of gravity. The knife edges, like those of ai) 
ordinary balance, rested upon agate planes, and the centre of gravity 
of tho apparatus was so adjusted that one vibration of the pendulum, 
under the iiifluonoe of gravity alone, would occupy from two to four 
rniimtcs. The deflecting weights in this case were largo cylliulors of 
cast iron, suspended in such a way that they conUPbe brougiit oi)|) 0 - 
site the small balls, first on one side and then on tho other. Tlie 
whole was set up in a basement, and carefully and very offeeltinlly 
guarded against all changes of temperature, the arrangonients being 
such that all manipulations and observations could be efPeoted from 
the outside without entering the room. The deflectious and vibni- 
tions were observed by a reflected scale, as in Conuds observations. 
The result obtained was 6.59, 

Several other methods have been used; of loss scientific value, 
jiowever. 

168, a. The muss of the earth can bo deduced by ascertaining fhe/orca 
of gravtiJ/ al (fie top of a mountain and alps hase^ hy means oj pendulum experi* 
ments* The mass of the nioimfcaiu must bo detormiued by a survey, just as 
in the Soheli allien method, which makes the inothod uiisatisfactovy, At the 
top of a inoiuitain tho height of whicli is and tho distance of its centre of 
attraction from the top is rf, gravity will bo made up of two parts, oiio tliu 
attraction of the earth at a distance from its coiitro equal to R -1- /q luid the 
other the attraction of the mountain alone consider ed, Calling the mass of 
the inountaiTi ?n, and gravity at its summit f {g being llio force of gravity at 
the earfclds surface), we shall have tho proportion 



3 .V ^ 
R^'i(R^hy 


+ 



the second fraction in the last term of the proportion being tlio attraction 
of the moimtaini. When g and f arc ascertained by the pendulum experi- 
ments, E remains as the only tinknown quantity, and can bo readily found* 
Observations of this kind were made by Carliiil, in 1821, at Mfc. Conis, and 
the result was- 4.96,. 
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169. h By meam of pendulum observations at the oariKs surface oompared 
with those at the bottom of a mino qf known depth* Tlilfl nietliod wns omployod 
by Airy in IS'iJi, ab liar ton CoUiory, 1200 feub (loop ; I'esuU, 0 . 50 . In tliis oaso 
Uio principle iiiYolvccl is soinowbat cliflorout* Al any within a liolloWy 
homogenenuSj spherical nhell^ gravity is zero^ as Nowton 1ms sliowin The 
iitbraobioii balances in all directions. If* then, wo go down into a mine, 
Hie offect on gravity is tho sanio as if a slioll oomposofl of all that part of the 
earth above onr lovol had boon romovod. At tlio namo time our distance 
from till) our bids ooiitro has beon dcoroaHod by d, tho depth of tlio mine. 


At the surfneo 



us before. 


Ab tho bottom of tlio iiilno 




flhoii» 

{R-ay ‘ 


Comparing tho t>Yo equations, wo And ^ In tho terms of tbo shell, sinoo 
tho ratio of ^ to ^ is given by jioiidnlnm observations. Obviously, however, 
the mass of tho ** shell " is difBoult to doteniiino with aoounicy. And ibis by 
no moans homogoiieous, so that there is no gi'eat runson for siirprlHo at tlio 
discordant itisult. y waa found to be actually greater tliun //, showing that 
although at tho contro of tho earth tlio attraction uoaossarily beeomcH zero, 
yet as wc descend below the surfaccy yravlly increases for a lime down to Homo 
unknown but probably not very great depth, \Yhoro it bocomos n niaxlmnm. 

170* 0 . lly experiments with a common balance* It a hotly bo Iningfrom 

one of the soale-pans of a bahinoo, its apparent wolghfc will obviously be 
iiioroasod when a largo body is broiiglit very near It niulornoath j and this 
Inoronso oaii bo moosui'od, Poyntlng In JUnglarul and Jolly in Covnmny 
have recently uhqiI this motliod, and Iiavo obtain oil results agreeing very 
fairly with those gob froin tho fcoraion balance, Tho oxporlniont, with some 
inodifloatioiis, is soon to bo tried again on a very largo scale in Germany. 


171. Oonatitutioii of the Barth^a Interior,— SI neo the avorngo don-^ 
slty of tho oartlda oriiBt dooH not oxoood tliroo tImoB fcimfc of water, 
whilo tho moan doiialty of tho whole onrtli Is about 5.58 (taking tho 
avoi'ugo of all tho moat tniatworthy rosiiltB), It is obvious tlmt at tho 
contro tho doiiBity iniint bo very much greater tliau at tho anrfaoo,— * 
very likoly as high us oiglit or ton linios that of water, and equal to 
tho density of the Iioavlor mcUls. Thero la iiotliiiig In this that might 
not hav5 boon oxpoctod. If tlio earth woro over fluid, It is natural to 
suppoBo that 111 tho Bolldincatlon tho doiiBost nmtorialB would Bottio 
towards tho Interior. 


Whotliur the interior of tlio earth is solid or fluid It Ia difUoult to say witli 
certainty. Certain tidal pliononiona, to bo diaousBod lioroaftor, have led Sir 
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William Thoinaon and tho youngor Hai'wiu to couclticlo tlini tin} (Mirdi an a 
whole is solid- throughout, and “more rigid than voUtauio 

being mere pustules in the general mass.. To this niiiuy geologistH iUnnin\ 
As regards the temperature at the earth's centre) it i.s liardly aii nMl.r< n n n i nral 
question, though it has very important astroiiomiciil rcdatlons. (uui <niiy 
take space to say that the temperature appears to iiioreasu Iroiii (lio snvrin'o 
down^Ya^d at the rate of about one degree Fahreiihoiii iov (ivery iif ly or sixty 
feet» so that at the depth of a few miles the toinx^tJHLturo itiimt bo very 
high. 
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CHAPI'ER VI. 

THE AVPAHENT J^IOTEON OE THE SUN AMONG THE 8TATIS, 

AND THE EAKTH^B OHHITAX JrOTION. THE EQUATCON 

OV TIMIO, IMlECESaiON, NUTATION, ANJI AHIORKATION. — 

VAUIOUH KINDS OE YJQAU.'^ — THE CALENDAll, 

172. The Annual Motion of the Sun. — TIio apparent annual mo- 
tfo7i of the sun mnet havo been oiio of tho earliest riotioed of all aatro- 
noiiileul phonomoiia. Its discovery antedates history, 

As soon l^y tlio people in JHiiropo and Asia, tho sun, starting In 
tile spring, mounts liighor in the aky oaoh day at noon for three 
inontha, appears to stand still for a fow day.s at tho summer sol- 
Htlco, atul then desconcts to wards the south, reaching in tho autumn 
the Hanio noonday elevation it had in tho a])riiig, It keeps on its 
sonthward course to a winter solstice in Decemljor, and then roturns 
to its original height jit the ond of a year, marking and oanslng. tlio 
seasons by its courso. A your, the Interval between tho snoccsslvo 
roLurns of tho sun to tho sumo poaition, was very early found to 
consist of a littlo nioro timn throe hundred and sixty days. 

Nor Is this all. The siiiUs motion is not msreli/ a north-and-aotUh 
motion^ l)ut it also moves* eastioard among the aiars; for in the 
spring tlio stars which aro rising in tho eastern horizon at aiiiiaot are 
dliToront from thoso wldoh aro found thoro in tho Buminor or winter. 
In tlio spring, the most conaploiious of tho eastern constellations at 
snnsot are Leo and Bootes ; a llUlo later, Virgo iijipoars ; in the siim- 
mor, O[)hlnolms and Libra; still later, tSoorpio; and. In nild-wintor, 
Orion and Taurus are In tho oastorn sky. 

173. So far na moro appearanoos go, every thing would bo ex- 
plained by aBSiiining that tho oarth is at rest and tlio sun moving 
around It; but equally by tho coiivorsc supposition, — for if tho oarth 
as seen from the sun appears at any point in tho hcavone, the sun as 
seen from tho earth must appear In exactly Llio opposito point, and 
mustlcoop opposite, moving Ihrongh tho sumo path in tho eliy (but 
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six mouths behind), and always in tho saino angnlnr dii'otaioii,’* it 
we may use the expression, (Jiisl} as two o[)posito tooth nn a * 
^Y^leel move in the same angular divo.ctlon^ though at nny luonutjii 
they are moving in opposite Unmr direotiona,) 

174. That it ia really the earth which movos, and not tlu! hud, is 
ubsohitely deiiioiistrated by two phenomena, too minute iiiul lUiliiNitc 
for pre-telescopic observations, but aeeessildo enough to iiKulurn 
methods. We can only mention them liere, leaving their fuUivr ills- 
cussion for the present. One of them is the aherration of Ihjht^ Mu' 
the annual 2 m'allcm of iliG fmd UaYH. These can he cxpliiluml 
only by the actual motion of the earth. 


175. The Ecliptic, — By observing with a niorUlian cnrolu dully 
the declination of the sun, and the differenoo iKJlwecii its viglit 
ascension and that of some star (Flamsteed used ct Aqiitliu for tlu! 
purpose), we shall obtain a series of positions of tlio h\i\\*h ooulru 
whicii can be plotted on a celestial globe ; and wo can thus nmko oiU 
the path of the sun among the stars, and iind tlio jihum >vlioro U 
cuts the celestial equator, and tlio angle it nialces, Tlds pulJi lurim 
out to bo a great circle, as is shown by its cutting tho equator at tw<j 
points just 180^ apart (the so-called equinoctial points or c(ininoxcn), 
and makes an angle with it of approximately This groat oirulu 

18 called the Ecliptic, becausfe, as was early dlscovenal, ooltirnrH 

B mny bo (]e(ln(!d UH Me 
(nice of the plane of the earlh>s orbit upon the celoMkil sphere, j„Bt uh 

he celestial equator is tho trace of the piano of tlm torrostrlal muiu. 
toi on the same sphere. ^ 


i. called 1 o/^^c ^ 

slioifcLe. ■ ’ ‘looHn.itlo.1 tm n 

cullr,£tS .u-o 

thesun r beenmo th..-. 

The obliquity is of coiir*.^ • ^ " sontliwurd, ov vim vrmi . 

nation, or greatest distance darii- 

.lupe nnd December i-. 



UliLltJyTlAL hATlTUDJi AND LONGITUDJC. IIU 

Tho aiicioiitij woro ncoufitolu^^il to dfftonrtijjo it by nimnn of tlio giioinoi^ * 
(Art. 107). Tlio iciigUi of tlio bIuuIow at noon oji tho fiolstitial days dotoi'- 
nifties tlio zenith difitanco of tho smi on Ihose days, and tlie diiToreiico of tlio 
zoiiifcli di.stfliicoB at ilio two soLstioos h twico tho anglo desirail. Tho gnomon 
also dotorniiiied for Llio anoioiita iho length of tlio .year, It being only noccii- 
flary to obsorvo tlio iiitorval botwoen dayfl in tlm spring or autumn, wlion the 
e]^ado^y Imd iho fiaino longth at noon, 

177. The Zodiac and its Signs. — A bolt 10^ wklo, 8*^ on oaoli sido 
of tho ecliptic, is called the Zodiao, Tho nmno la said to bo derived 
from a livdiig creature, beenuao tho conslollatlona in it (except 
Libra) arc all figures of animals. It waa taken of that particnlai' 
width by the aiioionta simply becauao tho moon and tlio then known 
plajiots iiGvor go further than 8® from tlio ooliptlo. 

Tills bolt ifi dlvi<lod into tho ao*oallwl bhi><h, onoh 30^ in length, having 
tlio following nainaa and aymbols : — 

r Aries, T 
Spring -J 'fauriiH, y 
( Gondiii, n 
(Cancer, 22 
Summnr J J/oo, gb 
( Vii-go, njii 

Tho symbols am for tho most part convontionallzod ploturos of tlio ob- 
jects. Tho symbol for AiiuariuH is tho ftgypLiaii oharuutor for watqr. Tlin 
origin of tho signs for Ivoo, Virgo, and OatiriconuiH is not quite clonr. lb 
has boon siiggoatcd that Sb Ih simply a form for A, tlm initial of 

A^wr; for flap (Hap Wroy), ami VJ for Tp (Tpayew). 

CKLKRTfAL LATITUDW AND LONGITUDE. 

178. Since tho inonii mid all tho principal planets ahvjayfl Icoop 
witliiii tho /ndlac, llio ecllpLlo la a very coiivoniont clrclo of refercncG, 
and was used as such by tho ancionta, Iiulood, until Llio invention 
of peiKliiliini olookfi, it waa on tho wliolo moro convenient than Llio 
equator, and moro used. 

Tlio two points in tho hoavena 90®(llsl.nut from the ocllptloai e called 
tile PolcH of the echplio. Tlio iiortlierii one. In in tho eoiistollatloii 


* T]]q ChinoRo claim to Imvo inado nn oliRcrvatlou of tlih kind about '1000 n.c., 
and tlio rosiilt given is very nearly what it should Imvo been at that tlnio, ('riio 
obliquity chnngcB allghtly In eoalarloi.) If Iholr obsorvnllon Is geniilnop It la 
by far ilio oldost of nil aslrononiloiil ronordi. 


( Libra, a 
A utuinn Scorpio, nb 
C Saglitai’infl, / 
/ Caiaiooriiutt, Vj 
AVinti'-r } A<piariiiH 

(pIseo.H, X 
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of Diatio, about half-way between tho stars 8 aiul ^ Di’accuils. Now, 
fcjuppose a set of great civeles drawn, like ineridiaiis, tliroiigh UitsHii 
poles of the ecliptic, aud lioiice perpendunilur to tliat circle J thnso 
are Oircles of latiliide or secondayias to (lie ecliptic. The Losornmi’: 
of a star or any other heavenly body is, then, (he amfle made (U (hr 
pole of the ecUplicy between the circU of laiUndiU ^chivfi ptiHseH thruHtjh 
the vehictl equinoxy cind the ch'cle of thvoiKjh the hodff ; 

or, what comes to the same thing, it is the arc of the edqdlo inchidvd 
between the mrmd equinox and the foot of the circle of lalilude jif/w- 
ing through llie body. Celestial Ipngitiulc is always rcokoiiocl vant-' 
ward from the vernal equinox, completely around ilm ocHptio, ho lliikt 
the longitude of the sun when 10 ° west of tho vonml equinox would hir 
written as 350°, and not as --10°. 

The Latitqdk of a star is simply Us distance north or ^touik o/ 
the ecliptic measured on the starts circle oflatUtide^ 



179. It will be seen that differs from right ascension in 

being rechoned on the eclipUo instead of 
on the equator y nor can it be I'ooUoiuul 
in tiniey but only in degrecH, luimiU'H, 
and seconds. Latitude, diffhrs fr07n de- 
clination in that it is reoknned ft^ovi the 
ecliptic instead of pom the equator. 

^ The relation between right uHCOimlon 
and declination on tho ono ]umd> and 
longitude and latitude oji tins otbms 
may bo made clearer liy tho luunmi- 
panylng diagram (Fig. 57), lu wliloh 
LO is the celiptio and LQ tliu ixjtia- 
tor, B being the vernal equiiu)x* S 
being a star, its right ascension («) is 
ER and its decliimtion (8) \bSR ; its longitndo (\) ia TSL, ami ita liill- 
tude {^) is SL. Panel K arc tho poles of tho eqimtof iiinl 
respectively, and the circle KPOQ is tho Solstitial Ooluro, so onllwl. 

Tlie student can hardly take too groat care to avoid confusion oC cnleslinl 
at. ude and longitude with right ascension and declination or will. 

L il “ir unfortnnato tl.at latiLndn in 

.ky should not bo analogous to latitude upon tho earth', or celoHtlul ItmgU 
tude to terrestrial. The terms right ascension and doolinalion arc, 1 1 owovmv 
of compara .vely recent introduction, and found tho g.-ound preooo^^nh. 
eelesl.al latitude and longitude being much older. ^ ^ocouplul, 


Pio, 67. 

Helailou between Ceteetlal LaUliutonntl 
T.ongUude, and night Attcensfon and 
DeclInatlDn. 


OBLICSTIAL LATlTtrniQ AKD LONOITUDJC. 
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180. Conversion of A. and p into a and S, JDr Vice Versa* — High fc 

ascoiiflion and dooli nation oaii, of ooui'ho, always bo coiivortod into lojigltnde 
and Ififcitiulo by a trigonoinotrical oalcnlntioii. AVo pn)cood as follows ; In 
tho ti'j angle rlghb-anglod at wo liavo glvon ER and RS (« and 8)j 

fi’oni wldch wo find tin) liypotlionnso ES and tlio angle RES. N^oxt in tho 
tilanglo ELSt riglit-aiiglod at X, wo Imvo tho liy[K)tliciuisG ES and blio anglo 
LES^ wbicli is equal to UES-^LEQ, {LEQ being w, tho obliquity of fclio 
Golipfclo). lion CO wo oasily ilnd EL and LS. 

181. The Earth's Orbit in Space. — Tho ccUiHioAs not ilie caHEs 
orhit^ and must not bo confoinulod with It. It is a great circle of tho 
liifinito oolcfltiftl Bphoro, tho trace mado upon tho aphoro by tlio piano 
of tliQ cartJda orbit, ns was statod In its deflnition. Tho fact tlmt 
it is a groat cirolo glvoB iib no information about tlio earth's orbit, 
oxcopt that ili4 orbit all lies in one plane passiiiig throxigli the ann. It 
tolls us Jiotldng as to its roal form and slxo.. 

By reducing tho obsorvatloiis of tho sun’s right asconsloii and 
doollnafcion tlii'ongh tlio year to longltudo and latitude (tlio latitude 
will always bo zero, of course, except for sonic sltglit pcrturbtillonfl) 
and combining them wltli ol)8crvatlons of tlio sun’s apparent dlaineter, 
wo can, Iiowcvor, aaoortaln tho real form of the earth’s orbit and tlio 
law of its motion in this orbit. But tho she of tho orbit — the scale 
of mllea — cannot bo fixed until wo eau find tho sun's dlstanoe. 

182. To And the Porm of tho Orbit, wo may prooeod tluis t Take 

a point S for tlio sun and draw 
from it a lino /SO, Fig. 158, 
directed towards tho voriial 
equinox as tho origin of longl- 
tndoB. Lay off from S indofl- 
nlto linos, making angles with 
SO equal to tho earth's longl- 
tudo on each of tho days ob- 
sorvod tlirougli tlio year; Lo., 
tlio angle 0>S 10, is tho longi- 
tude at tho timo of tho 10th 
observation ; and so on. Wo 
shall thus got a sort of spl- 08 . 

dor,” showing tlio dh'eciuyns as Dolonnlnntlon of Uio Vorm of llio Orbll, 
soon from tlio (‘arlh on those days. 

Next, as to relative distances* AVIillo tho apparent diameter of the 
Bim docs not toll us its real diHtance from tho oarbli, unless \yq first 
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know the sun*s real diameter in milcB, the cluiiigoj^ in tlio nppiii *jai 
diameter do inform us as to the retalive distance of iho onvU^ ul 

different times, since the nearer wo are, tiio larger tlio Him appiMwn, 

the distance being inversel}^ proportional to Iho apinirent diameter 
(Art* 6). Jf, then, we lay off on the arms of our spikier" 
tances inversely proportional to llie number of accondH of nro in tlu'i 
sun's measured diameter at each date, Ihcsa diHiancoH >vill Ini ;>ro- 
yorttonal to the true distance of the earth from the sun, aiul the curvn 
joiidug the points thus obtained will be a triio map of tlio uiirth'H 

orbit, though without any fcamlo of 
miles upon it» 

When the operation in porforjiicul, 
wo And that the orbit in nn oDlpMo 

A' \ ^ j \\ of small eccontrioity (about omi- 

sixtieth), with tho mni, not in I bo 
centre, but at one' foeUH, 


5 




/ / 


r i’ 0 

s 1 
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183. For tins benniit of any wlio 
may not have stud led conic hccMojih 
.V . . , ‘ wo doAnc the ollipso. Tl; is a curve Hurli 

< /e ^ [he ixuo dhlances from amj pohU on its to 

c'luldtiil '^1 ooiishint, »n,1 oquiil to wltiii i» 

called ho setm-major-axis, and ,'s nsually donotod l.y A or «. nc in llio 
senn-nnnor-ax., denoted by ov h. The cocentnoit^. aenolod by r. I Z 

fraction — . 

AC 

Since BS is equal to A, 


and 



Hne Of ^ ” <>f Ihu 


without a I'O <IotonltHl 

the aneientR were nnable to pefeeivi thorn" ‘’rr ‘ "’‘'T 

P cejve them. II, pi,a,ctu,s, Uovvovor, 



()!*" TUV: KAIITH’h MOTrON. I2n 

inO n.c'., fliscovuml that tlio oartli Is not in tlio centre of the c iron I nr orbit 
wlilcli ho Bnpix).HCcl tbo HUH to dcHcribu arouiid it, l^vorybocly HHsiniied, on 
a priori grouudfl, never (liHputod until tlio tinio of Koplor, tliafc the sun 'a orbit 
nnist be a oirolo and denerlbed with a unironn motion, bocanso a oirolo is 
tbo o[ily ** porfoefc ” cui've, and uniform motion the only iwrfeofc motion, 
Obvionsly, liowovor, tlie huh'h apparetU motion is jmt uniform, booaumi it 
takes 180 diiy.H for Ibo snu to pass from tbo rnrnal equinox fo tlio aiitniunnl 
through Ibo Hinnincr montliH, and only 170 days lo return during ibo win- 
ter. nipparchiis Qxplalnod tliia dlfferenoo by tlio hypothesis tlint tbo earth 
is out of the contro of tlio sun’s xmtii. 

186. To find the Eooentrioity of the Orbit. — Having tlio groatuHt 
and least apparent diamcUu'B of tlio sun, Iho ccceiitrhnty, e, i a easily 
found. In Tig. 60, sinoo, by doflnition, OS h- CT/l, wo have OS s= 
OAx c, or Ad. Tbo perihelion diHtnnco AS is therefore equal to 
ytX (I and the aphelion diatunoo SA* to A (! + «), Suppose 
now tiuit the gimtont and least nicaanrod dhiirioterB of ilio sun arc;) 
and q. Thin gives m tbo proportion j)!r/=:yt (I -pe) :A (1 — c), 
Hinco the (ltamotoi*s are proportional to (he dlHtaiujos. From 

Lilia ivo gob 

The aetnnl values of p and q are .'JtPU and HHbR, which give 
e « (1.0H)78 : this is about as has been stated. 


180, To And the Law of the Earth’s Motion, --Ily eoniparlng the 
in ou an rod apparent diameter with thodifferoneoH of longiUido from day 
to day, wo can also detliico tbo law of tlio earth’s motion. On making 
a table of dally motions and appnront dianioters, wo (liul that tlioso 
daUy molionft \fKvy (Urecily as the i\qmrdH oflhd diamoldrs; from which 
It dli’ootly follows that tho earth movos d 

in such a way that its radiuH-veciov 
demihCH areas imiiortional to the limoH 
(a law ivhieli Kepler ilrst brought to 
light in 11)00). Tho radlus-vcotor is 
the lino whieli joins tho earth to tlic 
sun at any moment. 



Kui. OO. 

KqiyibloDoicrlplUiii or Arciin. 


187, ( Ions i dor a small ollixitical kuc- 

tor, (JSc (l''ig. 00), dcHorihud by tb(5 cartii 
in a unit of tinin, jlngarding it as a triaii- 
glo, its area is given by tho formula ] Sc X Sd r\\\ oSd \ and calling lliis 
angle 0 (which will Im very Hiiiall), and couHiflnriiig that in ho Hhorfc a llnm 
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Sd and JSc \voiild romaii) soiiHibly oijiial, e^acli bning e(inal io Jl (Hio vacliii«' 
veotor at the iincUlle point of the arc), tliis fovjnula liecoinca, 

Area of seotor = J Jt^O* 

Now, calling tlie sun’s apimvent diamotor D, wo have i 



being a constant, and depending on the sun’s diameter in miles) | 
whence . 

lint OUT measurements show that 9— being another constant. 
Substitute these values of and $ in the forinnla for tho area, and wo Imve 

Area of seotor = x i\ i Wr, , 

a constant ; that is, tho area described by tho rad ins- vector in a unit of tiino 
ifi always the same. The planet near perihelion moves so iiincji faster, tliat 
the areas cA/, and eSf are all equal to each other, if tho arcs are de- 
scribed in the same time. 

188. Keplar^s Problem, — As the ejaso stands so far, this is a mere 
fact of observation; butaswc shall see hereafter, and as was demon- 
strated by Newton, the faot shears 
that tho cartli moves nndor the ac- 
tion of a force alioays directed in line 
loilli the sun. In such a case tho 
"equable dosenption of areas” is a 
necessary mechanical cojisoquonce. 
It is true in every case of elliptical 
motion, and enables ns to find the 
Kio.fli.-Kfi.i<i,'.i'.obicni. position of tlic Garth or any planet 

ill its orbit at any time, wliou we 
once know the time of its orbital revolution (technically ilio period), 
mid the time when it was at perihelion. Thus, the angle (Fig, G1 ) , 
which Is called the Anonudy pf the planet, must be such that tho area of 
the elHptieal sector will be that portion of the whole ellipse wliieli 
is represented by tho fraction t being the mimbor of days since the 

planet last passed the perihelion, and T tho number of days in the 
wbofe period. For instance, if the earth Inst prfSscd perihelion on 
Dee, 31 (which it did), its place on May 1 must be such that the 
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sector ASF will bo ol' tlio wliolo of tlio earth’s orbit; since from 
Jloc. B1 to May 1 is 121 clays. The soliitiou of this probloni, known 
OB Kapler' H problem^" loads to transcendental equations^ ami lies 
beyond oiir scope. 

Sno Wataon'K “ Tlicoroticnl Afltronoiiiy/* pp. (51) and 54, or any other flinil- 
lar work. 

189. Anomaly and Equation of tho Centre, — The angle ASP^ 
whioh has been tonned simply tho ybiom «/?//’ is strictly the true 
Anonmly, os dlstlngidsliod from tho mean Anomaly. The former 
jnay be defined ns the mule actually male al any Him hy the nuliu^- 
vector of a planet toiih the line of apmUn^ tho nnglo being reckoned 
from tho poi'ilicliou point completely around in the dirootioii of tho 
planet’s motion. Tim mean Anomaly is wlmb tho Anomaly xcould he 
al the yiven moment if the planet had moved with uniform angular 
velocity^ compleling the orbit in the name period^ mdpasHhuf perihelion 
at the same time^ ns It aofcnally docs. The diffcronco between tlie 
two anomalies is called tho lHiimdion of the (Jenire. Tills Is zero at 
pcnholion and apliollon, and a maxlnuim midway be hv con Ihoin. ]\\ 
tho casQ of the sun, its greatest value is nearly 2°, tho siin getting 
alternately that anion nt aliond of, and behind, tho position it would 
OQOUpy if Its apparent daily motion wore uniform. 

100. The SeaBOns. — Tho onrdi In its motion around the sim 
ahraye keeps its axis parallel to Itself, for tho meclinnloal reason that 
a revolving body neoossarily maintains the direction of its axis Inva- 
rinblo, iiiilosfl disturbed by extranoous force, us is very pi'oltily Illus- 
trated -by the gyrosoopo. About March 20 tho earth is so situated 
that tho [)1nnc of its equator passes through tho sun, tho sun’s doeli- 
nation being zero on that day. 

At that time, tho line which separates tho illuminated portions of 
the earth passes through tho two poles, and day and night are every- 
where equal. The same is again Iriie of the 22d of Septomhor, wlion 
tlie sun is at the antnmnal equinox on the opposite side of the orbit. 

About tho 21sb of June tho earth is so sitnated that its north pole 
is Inollnod towards tlie sun by about 28^-°, which is tho sun’s northern 
dcoHimtion on that date. The south [)olo is thou in tho obscure linlf 
of tho earth’s globe, whilo the north polo rocoivos sunllglit all day 
long ; and in nil portions of tlie northern hondsplioro tho day is longer 
than the night, tlio dilTcronee between the day and night depending 
upon the latitude of the place, whilo in tho southern hemisphere the 
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days mo slioiter than the nights At llic time of the wiiUoi solstif^o 
these conditions aie levoised. At the equator (of tlio eaitli) tlii' day 
‘incl night mo cqiinl at all times of tho y eai The snn when in uoi Ui- 
orn declination of com so always uses at a point on the liou/on uo){h 
of and sets at a point north of wost» so tliat ioi a poition of 
the time each clay it shines on the north side of a house 

191 Diurnal Phenomena near the Pole — At the noi th pole, when 
the celestial polo is lu the 7eiufch, and the dminal cnclos aio piuallel v\ith 
the lion/on, ilie siiii will maintain the fiamo olovatlon all day long, oxocpi 
toi tho slight change caused by the vauation of its declination in tweiitv 
foiii hoiiis The snu will appeal on the hoii/on at tho date of the voiinil 
equinox (in fact, about tin eo days befoie, on account of lofi fiction), and 
slowly wind upwaul m tho slcy until it i caches its nmxiinmn elevation of 
2di° on Juno 21 Then it will letiaeo its couiso until a day oi Uvo alter 
tho autumnal equinox, ay hen it sinks out of sight 

At points betueon the noifch pole and tho polai ciiolo the sun will appeal 
above tliohoii/on caihoi in tho yeai than Maich20, and aviII nso and sut 
daily imbil its decimation becomes equal to the obsoivods distance fioni ihe 
pole, Avhon it will make a complete cncuil of tho heavens, touching ilio hoii* 
you at inidmghb at tho noitheui point; and aftor that iiovor sotting again 
until it leaches the same declination in its southwaul coin so afioi passing 
the solstico Piom that tune it will again use and set daily unhl it leaclics 
asoiitliein declination just equal to the ohseivoi’s polai distance, when the 
long night begins, to coiitmuG until the sun, having passed tho southmii 
solstice, letuins again to the same declination at wliioli it made its appeal 
auee m tho spung At the polai oiiclo itsolt (oi, nioio stiiotly speaking, 
owing to lofi notion, about one-half a dogiee south of it) tho ^Uniihnqht hun " 
will be soon on just one day in the yeai, tho day of tho sitinmei solstipo ; 
and tlieio will also be one absolutely sunless day, vU , tho day of tho wuitm 
solstico Tho snmo icnmihs apply in the southoin heimspheio, by niakmg 
the obvious ohaiiges 

19!li Effects on Temperature, — The changes in the duiatum of 

insolation** (exposiuo to sunshine) at any place involve cliiingeH 
of tempcratin 0 and other climatic conditions, tiuis pioduclng tlie sea- 
sons, Taking as a staiiduid the amount of heat lecoived in twenty- f cun 
horns on the clay of the equinox, it is clear that tho surface of the 
soil at any place in the uoitheni hemisphere aviU leeeivo more than 
tins average amount of heat whenever the sun is north of the celestial 
equatoi, for two reasons. 

1 iSimshine lasts moie than half the day. 

The mean elevation of the sun dining the day is gieater Ihiin 
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when it Is fit tlio equinoxes, siiieo it Is liightii* nt noon, njid in any 
ciiBO renolica tlio liorizou at rising and scUiiig. Now, fcho moio obliquely 
lliQ rays ati’lko, the less heat they bring to oflcli sqiiaro Inch of eurfaeo, 
as Is obvious from Fig. 02. A beam of siiiisliiiio iiavlng the cross' 
ecetioii ABGD, when it strikes the 
snrfacQ at an angle h (equal to the 
Blinds altitude) Is spread over a much 
larger surface, /Ic, and of ooni’so 
the amount of boat por square inch 
le proiwrfclonately reduced. If Q 
Is the amount of heat por sqimro 
inch brought by tho ray when fall- 
ing perpendicularly, as on tho sur- 
face AG^ then on Ao the amount 
per square hmh will bo Q X sin //, 
since =; X Bill A. This dUTerenoo In favor of the inoro nearly 
vertloal mys la exaggerated by tho absorption of heat In tho ntmo- 
sphere, bccaiiBo rays tliafc arc nearly liorijsoiital have to traverse a 
muoh greater thickness of air boforo roaehing tho ground. 

For those two roasons, at ii place In the northern hoinls|)]ioro, tho 
tomperaturo rises rapidly as tho siui comoH north of the equator, thus 
giving us our su minor. 



Pia. an. 

RlTooi of Bun's iJlevnllon on Ainoiml 
of Ilcni ImimrUid to (Ito Boll, 


-103, Time of Highest Tomperaturo, — Wo, of ooui^o, rooolvo tho^ 

most heat per dfew at tho time of tho simimor eolsfcloo; bub thiB is 

not tho liottcst timo of the snnimor, for the obvious reason that the 

weather is tlien all the time getting hottGi\ and tlio inaxlniuni will not 

be reached until llie increase mms; that Is, not until tho miounl oj 

heeU lont in the niglU equals that stmnl np by day. 

♦ 

If tlio Garth's aurfaoo tlirow off tlio same amount of heat hourly whothor 
it wore liot or cold, then tliia iiiaximnni would not come until the autimnal 
equxmx. 'i’lils, howovor, is nob the oawj. Tho soil losoa heat fostor whon 
warm lliau It docs whnii cold, tlio loss boiug nearly pro])ortional to tho difr 
feroMco between the tomporatnro of tlio soil and tlint of surroiuullng space; 
(Newton’s law of cooling); and so tlito timo of the maxlimnn Is made to 
ooniQ not far from iUo oiid of tTiily, or tho fli’sfc of August, In our latitude. 
For Hiinilar roasons tlio minimum tonipc^raturo of winter ocoui'fl about Fob. 
1, about half-way between the fiolstioa and fclio vernal equinox, Sinoo, liow* 
over, our wonthor is not ontlroly “made on tlio spot whore it is used/* but 
is affeetod by winds and ourronts that come from great disUmcos, the actual 
timo of tlio maximum tomporatnro cannot bo dolonnhiod by any more astro- 
nomical couHide rations, hub viirics coiiHidombly from year to year. 
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194. Difference l)etweeii Seasons in Nortliern and Sontliorn Honil- 

spheres. — Since in December the diatanee of the (Mirth Jtdiii Um; hum 
is about three per cent less than it is in Juno, tiio mirtli (as n \vlii»h‘) 
receives hourly about six per cent more heat in DoiiuiiilMn’ llmii hi 
June, the heat varying inversely as the afpiare of th« cliHlJiiicM!. l'"oi 
this reason the so nth or n snmmor, whicli oooiu’s in Dtuaimhor nnd 
January, is hotter than the northern. It Is, liosvovcn*, ilay^ 

shorter^ because the earth moves more rapidly in that [>arl; of 1(4 
orbit, The total .amount of heat per acu’o, thoreforcs, riMHiIvtul i hiring* 
the summer is sensibly the same in each Imininphons tliu Hhort iicHH 
of the southern summer making up for its iiicriMised warn 1 11 j. 

195. The southern ho WGvGi\ is both longor and colder I him flu* 

northern; and it has been vigorously inaiutaimHl by (icrliiin 

that, on the whole, the mean annual tomperatuve oC the hmiilHplnn’o whu'li 
has its winter at the time when the earth is in itphoHou i.s lowitr tlnm (lint 
of the opposite one, It has been attempted to accounl; for IIuj ginoial itpoirluv 
in this way. It is certain that at present, at any plmm in tlu^ Hfaii.liorii limn* 
isphere, the difference between tlio niaxiniuiu teinjKM’alurn of suiiniiui* iiml 
the minimum of winter must be greater than in the oaso of a stulinii in Mm 
northern hemisjjhere, similarly situated im to elovation, etc. "Wn say ‘‘ni 
present*^ because, on accou'nt of certain slow cliaiigos in iln^ cuvtldH In 

be spoken of immediately, the state of tilings will bo vovorscnl in about ion 

thousand years, the northern summer being tlion tho liottor and Hborior om*. 

196. Secular Changes in the Orbit of the Earth. — Tlio orhltuf 
the earth is not absolutely unclmngeable in form or posilum, tbomdi 
It IS so in the long rim as regards the lenoth of Hit major axin luul Urn 
duration of the year* 


197. 1. Gkawje in Obliquity of the Eoliplio. — Tlia ooliptUi hIIkIiU v 

quator, i.e., the obliquity of the ccliptio. This ohlidiiil.v in iil 
present about 24' leas than it was 2000 yoavB n..>o, m l 1 11 

about half a second a year. It is conmutoil tl,'^ i! 
iliiniiuition will contiune for abonr ifi nnn i • 

niiitv M ‘?5>io i '■"'e ™ ftuout 16,000 ynni-s, I'cdneiii-r ttui .it.li- 

acconlLg to J Hmlhlr ^ 'vlmlo olimin,,, 

of the mean ' 
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Acoorclliig to Loverriei*, \t will contiiiiio to tlocroftso for nLout 24,000 
yQEiVBt until it becomes 0,00;1, and tlio orbit will bo almost eircii- 
hu\ Then It will iiioroiiao agiihi for 40,000 joara, until It bocomes 
0 . 02 . 

Ill this way tbo cccontrlolty will osoillato bnokwartla and forwards, always^ 
howover, j'eniaiiiing botwcon zoro and 0.07 j but tlio oscillablona aro not 
equal oitlior In amruiiit, or time, and ho cannot proiiorly be conipai*Qd to tbo 
«vibraHoiis of a mighty iwmliilum,” wbioh is rather a favorito Ogaro of 
speocli. 

109. 8» ItQVolnlion of ilia Apsides of the Earth*s Orbit, — The lino 

of apsldos of tlio orbit, which now Btrotchos in bothdiroetioiiB towards 
tlio coiifltollatioiiB of Sagittarius and Gomiul, is also slowly and 
steadily moving eastward, and at a rate which will carry it around 
tho oirolo in about 108,000 years. 

200. These so-called secular^* changes arq duo to tbo action of 
the other planets upon the earth. Wore it not for their attraction, tho 
earth would keep her orbit with roferenoo to tlio aim strictly unaltered 
fl'oin age to ago, except that possibly In the oourso of millions of 
years tlio offccta of falling meteoric matter and tho attraction of tho 
nearer fixed stni^a iiilghb make thomselvos folU 

‘ Boflidos thofio seeular porturbabions of tbo car bids orbit, tlio oavtli itself is 
oontinimlly being aUglitly disturbed in its orhlt. On noeount of its con- 
nootion with tho moon , it osoillatoHonoli month afow Iiiindvod mllOB above rmd 
bolow tlio tnio piano of tho ocUptlo, niid by the action of tlio other planets it is 
soinolimofl sot forwards or backwards to tlio extent of a fow thousand milos, 
Of course every enoli oliango produces a corresponding slight ohango in tlio 
appai'ont ixisitlon of tho sun. 

201, Equation of Time. —Wo liavo stated a fow pnges baok 
(Art, 111), that the interval botwcon tho snecosslvo poHsagos of the 
fliiu across tho meridian is Homowlinb variable, and that for tills 
reason apparent solar, or siin-dlal, days are uiioqiml, On this ac- 
GOimt moan time Ims been adopted, w'liloh Is Iccpt by a 

or sun moving uiilforiiily In tlio' equator at tho Bainc 

average rnto aa that of tho i*oal siin in tho oollptlo. Tlio lioiir- 
anglo of this moan sun is, as has boon a]i*oady oxplainod, the 
hail 7nea7i tUne (or clock time) ; wlillo tho liour-anglo of tho 
real sun is the o.ppcmnt or sun-dial thno, ’Tlio Equation of Time 
Is tho dilTorcncc b(‘twooii theso two tiinos, rookoned as when 
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thu sim-ilial is slotmr tlian the cIouk,aiid minuH when it is I’lmler. It 
is the correction which must be added (algebraically) to (ipimvcut limo. 
in order to gel mean time. As it is the dilTertince botwoen llii; twn 
hour-angles, it may also be dellned as the difference betiveeu the 
right ascensions of the mean sun and the true sun; <ii’ as a formula 
we may write: — a„„ in which a,„ is tlio riglit aBCCMisioii of llui 

mean smi, and a, of the true sun. 

The principal causes of this difforonce are two ! 


202. 1 . The Variable Motion of the Sun in Ike JicHpltOt dua tn the 
Eccentricity of the Earth's Orbit, — Near pcnholloii, wliioli fmeiirs 
about Dec, 31, the sun’s motion in longitude is most rtiiiUi. Ac- 
cordingly, at this time the apparent solar day's oxceocl tlio sidcu’cal 
by more than the average amount, making tlio snn-dinl days loiigor 
than the mean. (The average solar day, it will bo reinoinbci'CHl , is 11’" Tili’ 
longer than the sidereal.) Tlio sun-dial will tlierofore ioso (iinio at 
tins season, and will continue to do so for about throo nioiUlm, unlit 
the angular motion of the sun falls to its mean vnluo. Then it will 
gam until aphelion, when, if the clock and tho sun wtM't! Htnrlud 
together at perihelion, they will onco more be togothcr. During 
the next half of the year the action will bo revorsed. Thiis, Iwioo 
a jeai, so far ns the eccentricity of the earth’s orbit is ccnvoci'iic'd, 
the clock and sun would be together at periliclion and njihtdlon, 
while half-way between they would differ by about uioht m/iiutr,i; 
le equation of time (so far as duo to tliis canso only) bcing-l-H 
minutes m the spring, and — 8 minutes in tlio niitiimii. 


203. 2. The Indination of the 
Ediptic to the Eguator. -r- ICvoii If 
the Sim’s {apparent) motion tnlinuji. 
lude {i,e,y along tho eclipLio) wevo 
uniform. Us motion in Htjhl osi.viu* 
Sion would bo variable. \ f tim triiu 
and fictitious suns Btiirtcil together 
at the equinox, tliey would indeed 
bo together at tlio solstices and iit 
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t’lu. oa, ^ min 

Kffrel of Obliquity of Ecliptic 1„ producing ^ ®qniMOX, bcCfUlSe It Is 1u»t 

Kquatlonof Time. i*. ^ , . ' 


180" from equinox to ctiiiinox, and 
between them. But at bidf-wfry 

and solstices, they would not he t *^®bweon tho cqiiiiio.xos 

y would not bo together on tho same honr-eirdc. 
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Tlilb la bcBt Butiii by Uikiiig a coloatlal globo mict iiiarldng on the eeh'p- 
th a point, ?u, Ijalf-miy botwoon tlio vonml orjitlnox and tho Hulsticn, 
find also iniirlting n point n on tho equator^ 15° from tho oqniiiox. Tt 
will nt oiico l)C3 aoon that tho loniiLM’ [Joint, m in Fig, G8,^ la toost oHi, 
so that m In tho daily wc.stwJird motion of tho aky will oonio to Llio 
nioi'idian first ; in othor worcln, whan LIkj siin ia linlf-way betwcon 
^ llio vernal equinox and tho Hiiminm* Holatlon, tho mn-dkd la faster 
than tho clock, and the cqiuifchm of time la la/niffl, Tho clifferoiioo, 
mciianrod by the are mhi, ainounta h) Hourly ton niliintoa; and of 
courao the aainc thing holds, nmlundiH^ for tlio othor qiind- 

rniita. 

204. Combination of tho Effects of the Two Oauaes* — IVo can rop- 
roflont graphlciilly tlioao two aoniponcMils of tho equation of time niul 
tho imilL of tliolr combination aw follows (Fig. 01) ; — 

The eontml horizontal lino la a soalc of datcfl one yonr long, the 
lottors denoting the beginning of im<ih nioiiUi, Tlio dotted curve 



showa tlio nrinatfon of time duo to tlio cccenlrioUi/ of tlio oartlde oiblt, 
ahovo conHldcrcd. Starting nt poriliellon on J)eo. 81, this coin- 
ponunt Ib Mum zero, rhlng from tlioro to a value of about + ft"’ on 
April 2, falling to zero on Juno 80, niul reaching a Hocond innxlinnm 
of —8"' on Oct, 1. In the same way Mm hrokciiJIno eurvo denotes 
Llio oiToot of tlio ohUquily of (ho edipiky which, -by itself uloim 
coiiHldoml, would produce un equation of tinio having four maxima 
of, iipproxliniikdy, 10"* cneh, about tho (Ith of Fobriinry, May, 

J na ri‘iiroHciU« a (U'lnallal gleho vlewuil from die imt «Uk‘, tlio axis Liolnti 
fortlcah iitul A", the jiolo of tin* eoHplIe, on (ho mcrhlliiiK while PJ Is Llio venial 

uquliiOY. 
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August, ftud Novembet (alternately + and — ), and rodiuilug t^) zeic 
at the equinoxes and solstices. 

The fnlldiiied curve represents their combined cffocti luul in con- 
structed by making its ordinate at each point equal to tlio buiu 
( algebraic) of the ordinates of the two other curvoSi At tiio Int of 
February, for instance, the distance 3, in the Ilguro i -I- 11* 
So, alsoii M, 6 = ilf, 4 + M, ^ ; the components, howovois hi tiuH <^aH« 
have opposite signs, so that the iUffemnce is actually taken. 

The equatioii of time is zero four times a year, viz. : on April Ih, 
June 14, Sept 1, and Dee. 24, The* maxima are Fobriuiry 11,+ 
14'" 32* ; May 14, - 3*" 55* ; July 26, + G’" 12% and Nov. 2, -- 1 fV' IH*. 
But the dates and amounts vary aligiitly from year to year. 

llie two causes above discussed are only the principal onos oiTi^oCivn in 
prodneing the equation of time; Every perturbation siillbrod by llm rarih 
comes in with its own effect; but all other cansos combined UGVor ulUjr (lio 
equation by more than a few seconds. 


205. Precession of the Equinoxes, — Tlio length of year ^Vlm 
found In two ^Yays by the ancients ; — 

1. By the gnomon, which gives the time of tliu equinox ilikI hoI- 
stiee; and 

2. By observing the position of the sun witli reforenet^ to the 
stars, — their rising and setting at sunrise or snuset. 

Com paring the results of observations made by tlieso two inoCliotlH 
at long intervals, Hipparchus (120 n,c.) found that the two do not 


agree; the former year (from equinox to equinox) boing 23' 
shorter than the other (according to modern data). Tlio O(|uinox 
is plainly moving iveslicavcl on the ecliptic, ns If it advimviHl tu 
meet the sun on each annual return. Ho tlicrcforG culled tho niolloii 
tile of the equinoxes. 

Oil comparing the Za<i<«des or tlic Stni's in the ttmo of tho tiiicii'iil 

nstrononiera with the present ktitiides, wo niul tluit tlioy liiivt) 
changed very slightiy indeed; and we know therefore that tho eolinlli! 
and the plane of the earth’s orbit maintains its position souHihlv 
unaltered. On the other hand, tlio fonj/iiudec of tlio stars hiivo Inioil 
ouiul to increase regularly at tho rate of about r,0''.2 iinnimlly,-. 
fully -30 in the last 2000 yeara. Since longitudes are rnolconed 
tir !ml ‘"'®''«®ctioii hetwcon tho eoliptio mid oriun- 

hoth ur and accordingly wo fliul Itnil 

tie clecUnatton of the stars nro const, nuly 
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208. Motion of tlio Polo of tlio Equator around tlio Polo of the 
Eoliptio. — TJid oldlqnlLy of tho coli[jtlo, whloh cquiiLs tlio dlataiKjo la 
t|j(! Hky botwoon Llin of tlio oqiiator mul Iho polo of llio oiiHptlo 
(Art* 17H), ban roiiuihidd nniirly constant. Honcu tlio polo of tlio 
oiiimlur iMLiHt 1)0 clcscrlbiiip; ii oirolo iiround the polo of tlio cii!l[)tIo In a 
porioil of about 2.1,800 yom-H divided by Tho polo of 

tlio ooliptlo liriH roniainiMl pnirlioatly Rxi'd (unonj^ llio Htars) but tlio 
olhor polo liiiH oIijUIlcimI Hh po-siliou nmtorially. At presont the polo 
Hbir is alKMifc l.p from tlio polo. At liio Lima of tbo atiir catiiioguo of 
lIlppiu'cliUH it was 12® dialmili from it, mid during tlio next omitury 
it will approach to vvilliln about iJO', iifbu* wliiuh it will rcumlo. 

207. If upon acolasUid globo wo lidcu ilio polo of tlio oollpilo im a mv 
Lrn, and dnsdriluJ ^abonb It a ciroln wIMi a mdluR of wo all all gat tlio 
h'liclc of tbn cvh^stial ]iolo utnong ilio sturH> and sludl find iliat tlio cirolo 
JJUHHOS vary laair tlio star a l^vrio, on tlio rqqiosllo sido of Dm juilo of tlio 
ooliptlo rrtirn Mio jjroHOiit polo slav. Ab«Mit 12,(M)0 years Imiioo a tyrm 
will bi) tlio polo slur. Ueolconiug Imoicwarils, wo find Lliiit Homo dOGO 
years tt Dranonis was Mm )io!o sliu’i and lb Is a oiirious (dvciiriislaiino 
Limb (unhilii of tlio tUiinelrt lu Mm ]iyrimiids ()f Kgypt fmio i‘xjmLly to tlio 
ii(aM),niid slope at suoli un iiLoliiiiilioti Hint tlds shtr at its lower ouliidimtlo)i 
would liavo bimn vlslblo from lludr lower oinl at tbo diitn wlmii tlin pyruinidH 
nro Hiippowjd to lijivo bcoii built. Tfc Is probablo that Mu'ho pussaj'eH were 
an'iuigod to bu used for iKo piirposo of obsiirvlii]^ Iho triuisitH of their tlmii 
polo Hliir. 

208, Effoot of ProoosBlou upon tlio Signs of tlio Zocllao. — Anotlmr 
olVeuL of pnamssioii 1 h that ilia ni*;uH id' ( ho zndlao do not imw ugren with tlm 

wiilili boar thn muiio luune, *J'ho sign of Ai'los Is now in tlio 
nniiHtulliitloTi of PiNroK^ itiid oiii onoU sign Imvliig ^Mmokod/' so u^waki 
Into iho cniiHtullidtuii west of it. 

200, Physical Ofiuso of ProoosBiou. — Tho pht/iifcal cemn of tlila 
alow conical rotation ot Iho mirtlds axis around tlio polo of tlio eclip- 
tic lies ill the two fun I h that tfui mrth in nol mwlt// npharladi and tliiil 
tho aUraotiana of thn Hnnmtd ^nooa^ad tiponlho ctjualnrial Hny of mot- 
tar loJdvh 2)rt{jrH.'^ idfova tho Iron nphorOf Inndhoj to (bvoo //oi jj/aae n/ /Ao 
cryiifdo?' lain vninaidamn wtth Ihn phnuf of Ihfi ooUpth liy thoir gi-i'iiler 
iittraotloi) oil the imnrnr portions of Dm ring. Tlio action in jnst wluit 
it would bo if a Hpliuriddjd ball of Inni of tlm slnipo of tlio carLli Imd 


^ ’Hn) pinwiSf Uy Uioir uetiiiii ii|iijii tlio phiim of llio earllpH nrhil (Art, li)7), 
slightly illsliirb llu? ocpilr](>x in itn\ This ultecL ainoiinis (i> uhuiil 

U'/JO aiiiiinilly. 
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u bi ought ueai it Tlio magnet, as lUustiatcd in Fig. 65i 

would tend to di aw Die pltuie of the equator into tho lino OM joining il-s 
pole with the contreot the globe, becauso it attiucts tho nouiei ]ioition 
of the etpmtoiial piolubeiaiife at moiostrongly than the icmotei at 
Q, If it weic not (oi tho eatth’a lotation, this attiactiou ivoulil Inmg the 
two plnncs of the ecliptiu and oquatoi togothei j but miico tho eaith is 
Bphining on its (iKie^ we get the same rosnlt that wo do iMth the whiil- 
ing Avheel of a gvioscope bv haugiug a weight at ono end of Iho a\ni 
Wc then have the result of tho combination of two 
lOtatiQiis at right angles with each otiior, one tlic 
whiil of tho wheel, iho otlioi tho which tlio 

weiglit tends to give tho iwis (See Diaclvott’s Thys- 
irs, pp 53-56.) 
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hflcct af At a action 
on n Splieroiil 
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PrecfiBaloii lllualmtctl by tbo Oyioscopo 


SIO In this ease, if the wheel of tlio gyroscope is turning swiftly 
clocK-iJom^ ns seen tioiii above (Fig C6), the weight at tho (lowot) 
end of the axis will make the axis inovo slowly aioimd, couiito) -doch’* 
lutse, -iMthout at nil changing its inelination If wo rcgaul the hoa- 
zontal plane passing tbiough the gyioscope as icpiesenting tlio eclip- 
tic, and the point in the ceiling veitically above the gyioscopo as tho 
pole of the ecliptic, tlio hue of the a\is of the wheel piochicccl up- 
waid would descube on tho ceihug a cuelo aiouncl this imagiuaiy 
cehptio pole, acting piccisely as does the polo of the eaith’s axis in 
the sky The swiffcei the wheers lotation, the slower would bo this 
pieeessional motion of its axis ; mul of course, tlie rate of motion 
also depends upon the magnitude of the suspended weiglit. 


211* A full iieatmeiit of the subject ^^ould be too complicated foi oin 
pages All element aiy notion of the way tho action takes place, collect ns 
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far as it goos, is easily obtained by rororoiice to Fig. 07. Let X Y be tlio axis of 
iho gyroscope, the wheel boing soon in sootlon edge-wise, and tlio eye being 
\)n tlic same level as tbo CGnfcra of tlio wheel; tlio ivhool tiu’jiing so that the 
point B is coining towavda the obaorvQV. Now, suppose a weight hung on 
tho lower oiul of the axis, if tlio wheel 
wore nob tiimiiig, tho point B would 
ooino to some point F in the eai io time 
it now takes to roach C (that ia, after a 
quarter of a rovolutlon). By combina- — 
tion of the two motions it wiil come to a 
l>oiut K at tlio end of the aamo time, 
b a ving crossed tho horkoiital piano AD 
at L \ and this oan bo ofEootod only by 
a bnclavard ‘^skewing around” of tho 
whole wliool, axis and all, Tliis does not, 
of course, explain ‘Why tlio inclination of ^ 
the axis docs nob oliango under the action 

tho weight, but is only a veiy partial illustration, showing merely why 
the piano of tho wheel regrossoa, A complete discussion would require tho 
ooiiaidoration of the motion of ovoiy point on the wheel by a tiiovough and 
difficult analytical Iroatmoiib, in order to give the complete explanation of 
^ho roason ^Ylly tho depressing weight, however heavy, does not oauso tJie end 

the axis to fall perceptibly. (See article, ‘'Gyroscope,'' In Johnson’s 
Gyclopreclia, ) 

813» Why PreoGBsion is so Slow. — Tho slownesB of the preces- 
sion dopeiida on threo things: (a) the onormons moment of rota- 
tion "of the earth — n point on the equator moves with the speed of a 
caiiuou ball ; (h) tlio smallnoas of the mass (oompared with that of 
tho whole earth) of tho protuberant ring to wliloh prooessiou Is duo ; 
and (c) the minuteness of the force which tends to bring this ring into 
coiiicidonoe with tlio ecliptic, a force which is not coustaut and per- . 
si stent, like tlio weight hung on the gyroscope axis, but very variable. 

213. The Equation of the Equinox. — Whenever the sun is in the 
plane of the etpiabor (will ;h is twice a year, at the time of the equinoxes), the 
itin’fl i>rece5sional force disappears entirely, its attraction then having no 
tendency to draw the equator out of its position. The moon's action, on ao- 
coimt of Jier proxhuity, is still more powerful than that of tlie suuj on the 
average two and a half times as great. Now, the moon orosaes the celestial 
equator twice every month, and at tlioae times her action ceases. 

Tliero is still anotiier cause for variation in tho efPectivenesa of the moDu's 
attraction. As we shall see hereafter, she does not move in the ecliptic, but 
in n imth which outs the ecliptic at an angle of about 6°, at two lioints called 
tho JVodesf the ascending node beiug tlie x^olnt wliere she crosses the ecliptic 
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fioin soutlito iioi’fcli. These nodes jnove westward on the (Arl;, 'Ihfj V 

nmidiig tho circuit once in about niuoteou years, Now, when the nscondin),^ 
node of tho inoou^s orbit is at B (Nig, 08), near tho autumnal equijmx h\ iU 

inclination to tho equator will 
be, ns tlio ilguro shown, 
than tho obliquity of tlio ouliu- 
tic by about 5^; it will 
1 ^* 0 - 08 . be only about 18^. On dm 

Vorlftilou In lUo Inclination of iToon’a OrbU to Kqimlor, other hand, nine and |l lull f 

years later, when the node I MIS 
bached around to a point A, near the vernal equinox, the inclination of tluj 
moon's orbit to the equator will be nearly 28^, Wlien the node is in thirt 
position, tho moon will produce nearly twice as imioh precession al )novt> 
ment each as when the node was at Bs 

Ihe precession, therefore, is not uniform, but variable, almost cousiug at 
some times and at others becoming rapid. TJie average amount, iis bus 
been stated, is 50''.2 a year; and the variation is talcou account of in what 
is called the equation of the equinox^ wiiich is the dilforonce between the 
actual position of the equinox at any time and tho position it would Imve ut 
that moment if the precession had been all tho time going on unifovnihji 

314, Nutation. Not only does the prccessional force vary in 
amount at different tnnes, but iu most positions of the distinhini*’ 
body with respect to the eartii^s equator there is a dujht thimrUviav 
comimient oj the force^ temliiiq directly to accelerate or retard tlio prn- 
c ess ion al movement of the pole — just as if one should gently draw 
the weight ir (Fig. 66) horizontally. The consequence is whiiL 
is called or ‘Miodding.’* Tho axis of tho earth, instead of 

moving smoothly in a circle, nods in and out a little with vespeet to 
tlie pole of the ecliptic, describing a wavy curve resembling that 
shown iu Idg, 69, but with nearly 1400 indentations in the entire oir- 
cumference traversed in 26,000 yeai’s. 

216. We distinguish three of these miUtioiis. (a) Tlie Lunar Nulntwn, 
clopeuduig upon the motion of the moon’s nodes, 

This has a period of a little less than nineteoii 
years, and amounts to D".2. (b) TJie Solar ISfuta- 
twn^ diie to tho changing declination of the aim. 

Its period is a year, and its amount 1".2, (c) 'The 
Monthly Nutation, precisely like the solar nutation, 
except that it is due to the moon*s changes of dec- 
lination during the month. It is, however, too 
small to be certainly nieasured, not exceeding one- 
tenth of a second. 




Fio, 00.— Nulallon. 
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Nntniion was do Looted by Bmdloy In 171^8, but not fully oxpJaiiiod until 
17-18. 

Neither picoosaiuii nor nutation aJjevU the latitudoH the stnn^ since thejj 
are not duo to any chanye in the position of the ecliptic^ hut only to dhplacements 
of the earth's axis. The longitudes alone are chanyed hy them, 

Tho vifjhi ascension and declinaiion of a sbu' aro botb ufToctod. 

216, Tho Throe Kinds of Year. — In oonsoquonce of tlio motion 
of tliQ cqiilnoxoa ojuiaod by precusHloii, the nkUreal year and the 
cqiitnootial or Iropicid*' your do not ngroo in length, 'Although the 
Bid ore al year i.s tlic one wliioh rcprcBonte tho earfch^s Ithq orbital rovo- 
liitio]! around tho sun, it is not iiflcd ub tho year of ohronology and 
the calendar, bccaiieo tho senHons dopond on tho huu’h place iji roln- 
tioii to Urn oquinoxos, Tho tropioal yoar la the your iiBiially eniploycd, 
iinloBB It Ih expressly stated to the coiitraryt Tlic lejigtli of the 
Sldoreal year Is 0** T ; that of tho Tropical year is about 
20“^ less, 5'' 18"’ <l(;^ 

Tho third kind of year Is ‘ tho anomaUdic year, which Is tho time 
from periliolioii to pcrilielion again, As tlie lino uP apsides of the 
eartli's orliit niovos always slowly towards the oast, this ymar is alittU 
longer tiiaii tho sidereal. Its length is I,'!"’ 48V 

217. The Oalendar, — 'riic natural units of timo aro the day, the 
rnonlli^ and tkaifmw Tho day, howover, is too short for convenlont 
uso in dosignating extonded periods of time, as for iuBtanco in 
ex[)rossiiig tlio ngo of a mnn. Tho month moots with tlio same 
objection, inul for all ohro nolog leal purposes, therefore, the year Is 
the unit practically employed, In anciont times, howovor, so much 
regard was paid to tlio inontli, and so many of . tho religions beliefs 
and obBorvancos connected thmnsclvcB with tho times of the now and 
bill moon, that tho early history of tho calendar is largely made up 
of attempts to (it the month to tho yoar In sonio coiivonicnt way, 
Since tlm two aro incommcnBurable, tho problem is a very dKllciilt, 
and indeed strictly speaking, an im possible, one. 

In the carl lost tlmos mutters scorn to liavo been wholly in tho hands 
of tho pricatiiood, and tho calondar then was predominantly 
with months and days Intorcalatcd from time to tImo to ]foo[) tho 
Boasons in place. Tho Mohnnimcdans still use a purely lunar calon- 
dar, having a yoar of twelve lunar months, and containing alternately 
864 and 866 days. In their roekoning tlio seasons fall, of ooiirso, 
continually in dllTercnt months, and tliolr calendar gains about oiio 
year in thirty-three upon llie reckoning of Christian nations, 
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218, The Metonio Cyole. — Among the Gi coles the Oiacovc'rv of 
tho so colM limai 01 Metouic cycle h\ Motou^ about 43B iucm t'*^*'* 
sicleiably snnplificcl matters This cycle consists of Hfjnodto 
nonths (fiom new moon to new again), \Ylncl\ is very appio\uunU'ly 
equal to 19 common yoais of 36r)4* (la}S 

236 months equal 9930*^ 10^ 19 tioincal yoaib equal 0919'^ 

so that at the end of the 10 yeaifl, the now and full moon leciir again on Ihi* 
same days ot the voai, and at the same tuuo of day wnfchin idumt hvo 
hovus The ealcmltn of the phases of the moon, tm mstance, foi t^HlI is ( lie 
same as foi 1870 and 1908 (except iliat inleivoiinig leap-yoais nmv I'hniige 
the dates by one dav)* 

The ** Oolihn numhn ” oL a yeai la its uuiuboi ni tins J\retoino oydo, iMid 
IS found by adding 1 to the ** datO'Uumbei of Urn yeai and dividing b> 10, 
Theiemaindei, unless -ioid, is the “golden niimbei ” (if it conics out /mo, 19 
18 taken instead). Thus the golden mnnbei foi 1888 is louml by dividing 
1889 by 10, and the lemaiudei S, is the golden itunibei of tlio j^oal 
This cycle ib still employed m the ecclesiastical civleudai ui flndiiig I ho 
tune of Kastei 

Foi huthei Iiifoinmtion on tho siihjcr t, consult Johnson's ISnvychjpiiibin or Sir 
Kchnutul BetlcoPs “ Astionomy without Mathonmtits 

219, Julian Calendar •--Untd the tnno of Jnhus Omstir tho Kninun 
ealendav ceems to have been based upon tho lunai year of twelve 
months, oi 855 clays, and was substautuOly like the modern Moliainum- 
dancaleuclai, until aibitiaiy uxteicalatlous of mouths and clays inadt^ liy 
the piicsthood ami magistrates fiom time to time in oulor to biiug it 
into accoi dance with the seasons. lu the later clays of tho KopiilJlir, 
the confusion had become lutoleiablc, Ciesnr, -with tho help of the as- 
fciouomei Sosigenes, whom he called from Alex:audua for the purpose, 
leformed the sj^stem in the yeai 45 n 0 , mtioducing tho so-enUed 
Julian calendar,*' whloli is still used either lu Its original sJiapo or 
with a veiy shglit modification, lie gave up entirely tlie attempt to co- 
oidiimto the month with the 3 ear, and adopting 385 \ clays as tho true 
length of the tiopical yeai, ho oidaiued that eveiy fourth ^cai should 
contain an extia day, the si'Vth day befoiathe ICalends of March on Ihal 
yeoi being counted twice^ whence the year was called hmexHU " 
Befoie Ins tune tlie year had begun m Maroh (as inclioatod by lim 
Roman names of the months, — September, seventh mouth , October, 
eighth month, etc ), but he oidered it to hegiu on tho 1st of Jnuuaiy, 
which na that jmar (45 b c ) was on the clay of the now moon next fol^ 
lowing the winter solstice In mtiodnoing the change it was necessary 
to mftKe the preceding year 445 days long, and it is still kiionn in 
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the nnnalfl as “ tho year of confusion.'* Ho also altorod tho imino of 
the month Quliitilis, (jailing it “ Jnly ’* after Idinself. 

There was soino irregularity in tho bissextile yoara for a few years after 
CflJBar'a death, from a mlBimclorstanding of his rule for the inloroalary day ; 
but his snccDSflor Augustus raiiiodicd that, and to put Iiiiiisolf oti tho sanio 
Icvol with his predecessor, ho took pos.se salon of tlio inontli Sox tills, calling 
it August”; and to -make its length n» gvoiik as that of duly, ho robbed 
Pobniary of a day. 

Ifroiu that time on, tlio Jiilhui oalGiulnr oonitimod mibrokouly In iwo until 
1682; and it ia still tho oalondar of Unaaia and of tlm Greek Cfiuroli. 

330, The Gregorian Calendar. — Tho diillan oalciulav 1 h not quite 
correct Tho tinio length of the troplcnl year In 805 dnya f) hours 
48 mlDuios and 40 secancls, and Llits loavOB a ditreronco of 11 minutes 
and 14 eocondfl by which the Julian calendar year Ib tho longer, being 
exactly 806^ days. As a conacquonoc, Uio date of tho oqiilnox oomes 
gradually earlier and ourlior by about three day.H In 400 years. 
(400 X 14'‘^«=44G7 minutes = 3*^ 27'^) In the year 1682, llio 

date of the vcnml equinox had ialloii back 10 days to tlio lltli of 
March, Instead of ocjonrrlng on the 21ut of hluroli, iih at tho tlmo of 
tho Counoil at Nice, 826 a, d. Pope Gregory, therefore, acting under 
the fldylco of tho Jesuit natromnnor, Clavlim, ordered tlmt Che day 
following Oct, 4 In tho year 1682 «honUl be culhul not tho 6th, but 
tho 16th, and that the min for Icnp-yoar Hlioiild bn slightly oliaiigod 
so as to prevent any sucli future dlsplaccinoiiL of llio equinox. Tim 
rnlo now stands : All yaars whose date-nnmbev in divisiblo by four 
without a remainder aro /eap-years, roiZm they are century years (1700, 
1800, etc.). The cenhmj years are not leap-years sinless their date- 
nu7iibor ta divlsiblo by 400, in tchioh case they are: timfc la, 1700, 1800, 
and 1900 aro uofc leap years ; but 1000, 2000, luul 2100 aro. 

231, Adoption of the New Calendar. — The change was Imino- 
dlatoly adopted by all Catliolio natioiis ; but tho Greek Oluiroh and 
luoBb of tho Protestant nations, ejecting tho Pope*8 authority, de- 
clined to accept Uio corrootlon, In Knglaiul it was at last adoptwl 
In the year 1762, at wliich time tlioi*o was u dinbronco of eleven daya 
botwoGii tho two caloiulars. (Tho year ICOO wan a leap-year accord- 
ing to the Gregorian system as well us the Julian, but 1700 was not.) 
Parliament In 1761 oiiactod that the day following tho 2d of Septem- 
ber, ill tho year 1762, should bo called tlio 14tli InBlciul of Llio 8d ; 
and also that this year (1762), and all siibHcquont yoaN, should be- 
gin oil tho Ill’s t of Jaiiiinry. 
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Tho cliange was nuulo under very greal; opposition, wiwX thvre wevo vinh'Ui 
I'iots ill consequenco in different parts of tluJ cinintry, uspeiiiully ai- Hviidut, 
where several persons ivere killed. Tl\o cry of tlio pop ul nee was, 
hack our fortnight,” for they supposed they Imd heon roldxsl of olovon 
although the act of Pai'liauieiit was camfully framed to prove iii; any inju?s, 
ticQ in tho collection of interest, payjnoub of routs, etc. 

At present, since the year 1800 was not a leap-year aeoovdjiip^ 1<» tlu' 
Gvegoviaw caleudav, wdule it was so accord i n g to the du 1 1 an , Him <1 1 ITm i‘< • n* < • 
between the two calendars amounts to twelve days; tluis in Uussia Ww Wh 
of August would ho reckoned as tho 7th. In llussia, however, for seimililir 
and commercial purposes hotJi dates aro very gonorally \isud, so ihnb f lto 
mentioned would be WTitten Aug. Whon Alaska was aniu'xcnl tn thi> 
(Juited States, Us calendar had to be altered by ohvfin day a. (Sea Art. 


228, The Beginning of the Year.' — Tim hagintihig of ilio your 
been at several different dates in the differout ooini tries of Kuropo. Smuim 
iiave regarded it as beginning at Christmas, Ihu iibUi of Dimombur ; otbevts 
on the Isfc of .Tammry; others still, ou tlio 1st of Sfaroli; otlioi'H, fUi l)io 

8f)U\', and others still, at Easter, which may fall on any day Ilm 

22cl of March and the 25th of April. 

In England previous to tho year 1752 the legal year connimniu Ml im I ho 
25th of March, so that when the change Was made, Uio year 3751 uocussavily 
lost its mouths of tTamiavy and February, and tho first twoiitydoiir ibiyw id 
Maielu Many >Yore slow to adopt this change, uml it luMuuims nuciessuiy, 
therefore, to use considerable care witli respect to lOnglish dales whiidi ocom 
in fho months of January, February, or March about that periuih ^hhi- 
mouth of I ebr nary, 1755, for iustanco, would by .sonio writers V>e rtudiiuu'd 
as occurring in 1754. Confusion is best avoided by writings Feb. } J C; J. 


883. Fiist and Last Days of the Year. — .Since the onliimry nivil 

year consists of 305 days, which is 52 weeks ami one day, tlio hnl thiy t*t 

each common year fails on the same day as the first; bo that any givmi ihij .* 

' tlie precoding' year, iinlrsr^ 

i f hilM- 

win fV r 1880, falls on Tlmrsday, tho saiuo ilato in 1 Him 

will fall on Friday, 


"f alionuu..., 

bo considered h«re. ^ ^ niilftttoii, Itninypropoi-ly 

mUoTfZtlrl ‘Tr?' of a slur, due to tho ambi^ 

nation of ibe motion of h(,tii zoith the znotion of the observer. 

a .fan;';:; 

nolua be it ilia earth were at vent. U 
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lies bo 3 ^on(l our scopo to show ilmt nccorOiug to tlio wave theory of 
light tliG npparent direction of a ray will bo alfcotod by tlio obaorvor's 
motion precisoly in tlio aamo way (witliin vory narrow limits) as It 
would be if light consisted of corpiiscIcH shot otf from a luniiiioua 
body, na Newton Riipposcd. This 
is tho case, howovor, na Dopplor 
and others Imvo shown ; nud as- 
suming It, the explanation of 
nbcn'ntlon is easy : — ■ 

Suppose un observer standing 
at reat with a tube in lile hand in 
a shower of rain where the drops 
avo falling vertically. If ho wialioa 
to Imvo tlio drops descend axially 
through tho tube without tonclilng 
tho sides, lie must of coinso keep 70.— AiiorruUon uf u nuindro]), 

it vertical ; but if ho advances in 

any dlrcotion, ho must draw bade tho bottom of tho tube by nii 
amount which equals the advaiieo lio makes in tho tlmo while the 
drop I 0 falling through tho tube, so that when tho drop falling from 
B roaches A\ tho bottom of tho tulm will be tlioro also j he muut 
incline the tube fonmnl h\j an{fle a, mch that taua=^?t-^ K, 
where Tis the velocity of tho raindrop and n that of his own niotlon* 
In Fig, 70 V and AA^^n, 

306. Now taico tho moro general onsc, 
Siippoflc a star ponding us light wlfcli a 
velocity V in the cllrootlon SP^ Fig, 71, 
which malcos tho niiglo 0 with the line of 
tho obflorvoFs inotioj). Ho himself is 
carried by the oartli*a orbital velocity In 
tho direction QP. Ji\ pointing tho tole- 
ftcopo MO ilmt tlie light ina^' pass exactly 
along its optloal axis, ho will Imvo ff) 
draw back tho oyo-eiid an amount 
QP^ which just equals the distance Im is 
carried, by tlio oai'th’H motion during tiTe 
time that tlio light moves from 0 to P, The Htar will thus apprir- 
outly bo displaced towards tho i>olnt towards which he is moving, 
the angle of dlsplacoment POQ^ or a, lioiug (letcnuluod by the rela- 
tive longtii and direction of the two sides OP and QP of the ti-ianglc 



' ^’rn. 71. — Abi'niiiJun of T.lHlit. 
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OPQ,. These sides are respectively proportional to the vidotdly of 
ligliti and the orbital veloeity*of the carfcli, it. 

The angle at P being Qy the angle OQP aviD be — a), and \vf? nImM 
have from trigonometry the proportion eiii a : sin — u i 1^ 

To find a from this, doyelop tlie second torni of the proportion and dividii 
the first two terms by sin a, whicli gives ns 

1 : sin ^ cot a — cos ^ n : F, 
whence u sin 61 cot a = F + « cos 6, 


and 


COta=:: 


F + COS 0 
u sill 0 


Taking the reciprocal of this, wo havo 


tan a = - 


: sin 0, 


V + u cos 6 

Ihe second term in the denominator is insoiisiblo, since u is only idniuf. oun 
ten-thousandth of F, so that wc may neglect ltd Tills gives the rorninhi iii 
the sliapo in which it ordinarily appears, viz,, 


tana=r~sin I 


Tlie value of a (clenoted by a,) wliieh obtains when !K»" mul 
sin 6 r= imity, is called the Oonstant of AberycUion, 

The latest, and probably the most accurnto, dotoni)inatif»ii of (liirt 
constant (derived from tho rullcow/i Ob’, 
sorvatious byNyrdii in 1882) is 20'b-ll»2. 
Aberration was discovered ami ox)»Iiuim‘(1 
by Bradley, the English Astronomer Koval, 
in 1726. 



326. The Effect of Aberration upon tho 
Apparent Places of the Stars, — -As tlio oarth 
moves in an orbit nearly circnlar, and willi 
a velocity so nearly imffonn tliat wo may 
for our present purpose disregard its vnriit- 
tions, it is clear tliat a star fit tho polo of 
the ecliptic will be always diaplncod by llio 
game amount of 2Q».d, bu t in a dlroklon 

MicUeUon,i» 209860 of Nowoomb niiil 

milc«). The mean veloehroTtJ o miles 20 

parallax to he 8''.8, is 29.77 kilo)net/.M M>" J * B'o sotar 

of aherrailon 20.^478. a little smaller Zt ^rin'Se S"' 


Aliemtlona! Orbll of n Slar. 
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coiainimlly chajigtng. It iniiat, tliorefoi’o, appear to deaoj^ibo n 
little olrole 41^' lu cllnmoter cliirljig tlio ^vear, tis shown In Fig. 72. 
FTow the dIvGotlon of the earth’s orbital motion is always in tlio piano 
of the ecliptic, autl towards the right luiud as wo stand facing tho 
ami. At tho vornal equinox, therefore, wo arc moving toward the 
point of tho celiptlo, which is 1)0° toest of the amiy 1 , 0 ., townixls 
tho winter solstitial point, and tho star is Llioii displaced in that 
dlreotlon. Three months later tho star will bo displaoed in a line 
(llreotcd towards tlio vornal equinox, and so on. Tho eai'tli, there- 
fore, so to speak, drives tho star be/oro il In the aberrational orbit, 
kooping it just a quarter of a revolution ahead of itsolf. 

A star on tho eollptie simply appears to osolllate back and forth in 
a straight lino 4F' long. 

Genorally, In any latitude whatever, tho aborrntloiml orbit Is an 
ellipse, liaving its major axis parallel to tho ccllpllc, and always 
4F' long, while Its minor axis Is 41^^ x atn /?, /3 being the star's lati- 
tude, or distauoo from the ocllptlo. 

220*. Diurnal Aberration. — The motion of nn observer duo to 1 he 
oavbh’0 roialion also producos a slight olfoofc known ns tho diurml ahemilion. 
Its “constant” Is only O^MJl for an ohsorvor slLuaUJd at tlio equator} aiiy- 
whoro olfto it is oos <^, being tho lutitiide of tho ohsorvor, 

For any given star it Is ti maxinnmi wlion tho star is crossing tlic inorid- 
‘ iaii, and fciion its wliolo offeot Is sligliUy to hwreuse (he riyhi ascension by an 
amount given by tho formula 

Aa “ cos </> Pco 8, 

8 being tlio star’s deoHnatlon. 

See Ohftuvonet, “ Practical Astixmoniy,” I. p. 038, 
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CITAPTJ5TI YTT. 

rilK MOON; HEK OEBTTATi MOTTON AND YAIirOUH TCTNPH ( M'* 
MnNail. — PISTAKOE AND DTiMENSIONS, DENSI'rv ANP 

GUAVTTV. — nOTATION AND LTHHA'riON«. — DHA81‘:*H. — J.rc 3 1 1 T 
AND HKAT- — PH;VST0AL CONDTTrOK AND .INELUEKOIW lOX- 
EUTED ON THE EAllTH. — TEMsHCOPIO AHPEOT. — HTTI^FAPIO 
AND POS8tBIA5 OTTANGES U.PON ri\ 

227, Wk pass next to a consklemtioii of our nonroHt m?ighix>r in 
the celestial spaces, the moon, whicli is a sateilito of the onrtli and 
accompanies us in oiu* anmml motion aromul the sini. Hlu) i« imiKth 
snuillev than tlie earth, and compared with most ol: the othcjr InniV' 
eul^^ iioilics, a very Insignificant affair; but her proximity inakcB lu?r 
far more important to ns tliaii any of tliom except the huh. 'riui 
very beginnings of Astronomy seem to iiavo oi'iginatod In tho Btucly 
of her motions and in the different phenomena wliich she oaitHoH, 
such as the eclipses and tides; and in the development of inodora 
theoretical astronomy the lunar tlieory with the jirobloins St rainoH 
has been perhaps the most fertile field of invention and discovery. 

228i Apparent lilotiou of the Moon. — Even superficial obsorvn- 
tion shows that tlie moon moves eastward among the starB ovtu'y 
night, completing lier revoliitiosi from star to alar again in about 27?j 
days. In other words, she revolves around tlie earth in tliat tEino ; or, 
more strictly speaking, they both revolve about their common oenti’o 
of gravity. But the moon is so much smaller than the earth that 
this cenlve of gravity is situated within tlic ball of the earth on t!i<» 
line joining the centres of the two bodies at a point about 1100 
miles below its surface. 

As the moon moves eastward so nmch faster than the sun, wliich 
takes a year to complete its circuit, she every now and then, iit tlio 
tunc of the new moon, overtakes and passes the snii ; and ns tho 
pha8e.s of^ the moon depend upon her position with reference to Ibo 
snu, tns mteival from new moon to new moon is what we ordinaril>' 
Understand ns the month. 
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228. Sidereal and Synodio Eevolutlons. — The Siderkat. revo- 
haion of the moon ia the time occupied hi jxwstwj/ from a star 
to the same alar ogam, as tlio, nnino iiiii)liGa. Ifc is equal to 
27 ‘' 7" lO’" ll'.r>40 ± O'.Ol, or 27‘*.821(if>. The moon’s menu clailj- 
motion among the stars equals 300“ divided by this, vvlileh is ■ 
13“ 11' (ncai'ly). 

The iSysodki revoliUion ia the interval from new moon to new 
moon atjain, or from full to full. It varies soinowlmt on account 
of tho Qccontrlcity of the moon’s orbit and of that of the earth 
around tlio aim, but Its mean value Is 211'' 12'’ 44"" 2’.684.±0'.01, 
or 20''. 68059 i and thia ia the ordinari/ month. (Tho woal syn- 
odic Is derived from tho Greek aiv and 6Sos, and has nothing to 
do with tho nodes of tho moon’s orbit. Tlio word is syn-oiliCt not 
sy-nofh’c) . 

A synodical revolution is longer than the sidereal, beemiso during 
oaoh sidereal month of 27.0 days tho sun has advaneccl among tho 
stars, and must bo caught up with. 

230. Elongation, Syzygy, etc. — Tho angular distance of the moon 

from tho snii is callod Its IHlongaiion. At new moon it is zero, and 
tho moon Is then said to ho in “ Conjunction.' At full moon It is 
180“, and tho moon is then in “ Opposff/on.” In either case tlie 
moon is said to be In “ Sywjy” C'™' • When the elongation 

is 0O“, as at tho Italf-moon, tho moon is In “ Quadrature.*’ 

231. Determination of the Moon’s Sidereal Period. — This Is 
ellfcctod dlroetly by observations of tho moon’s right nBoenslon aiul 
declination (wUh the moiidian cirole), kept np systematically fora 
suflloiont time. 

If it wore not for the 8o-calloil “ flociilar accolemtioii^* of the 
moon’R motion (Arts. an exccoclingly accuinto tloterminn- 

tlon of the moon's sijnodic period could bo obtained by comparing 
ancient collpsQS with modem, 

The oarllost aiUhcntically recorded eellpso la one that observed 
lit Ninoveli In tho year 708 ii.o, botwoeii 9 and 10 o'clock on the 
inorning of Juno 15ih. 

By comparing this eclipse wUh (say) the eclipse of August? Iti87, 
we have an interval of more than 35?000 moiitlis, and bo an error of 
ton hours even, In the observed time of the Nlncveli eollpso, would 
make only about one second In tlio length of the month. But tim 
month 1 b a little shorter now than it was 2000 years ago, 
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23^4 Relation of Sidereal and Synodic Periods — The fjivdion < 
a icvalntion cleseiibed by tlio moon in ono day cqimh M l)oin|j; il 
length of tin* siiUiml inoiitli In the Bamo way ^ lopreHinti 

tlio caith*B daily motion in its oihil, W being the length of Urn ymi 
iliQ difteiencc of those tno cqinle the fraction of a lovohition nli|i 
the moon gains on the sun dimng one da}' In a svnodio month, 

gains one whole lovolution, and tlieiofoio must giuii ouch day oj 
revolution j so that wo have tho oq nation 

i. i-l 
m'^e 8' 

01, suliBtituting the numoucal vahica of E and 8 ^ 

1 1 1 

wlicnco ^\c rtojno the value of J/, 

Anothei A\ay of loolnnp at it is this Tn a yoai thoio must )m euiclh/ <j?i 
moie fiulQical levolution than tlioie aie svnoclio unolulions, bei’ansn the hU 
coiuploles one entno choint m that time Now the numboi of Hynodio io\ i 
lutions lu a yeai is given by Wig fiaction 

^= 1J.)00 + 

TliQiQ -fliU tbeiefoie bo 13 809 sidoieal levohUioiis in tho yeai, and Ifn 
length of ono sideieal i evolution equals 305} days (Imded by ilus mnnl)U 
13 309, winch will bo found to give the longUi of the sidoioaf lovolutlon a 
hofoio* 


233. Moons Path among the Stars — By obaeivlng with tho nio 
iidian circle the light ascension and declination of the moon dailj 
dining the mouth, just as in the case of the sun, wo obtain tho poul 
tlon of tho moon for each day, and joining the points thus found, Wi 
can draw the path of tho moon in the sky. It is found to bo a gretH 
circle inclined at a mean angle of 5*^ 8' to the ecliptic, which it ciil* 
in two points called the diodes (fiom nodusy a knot**). 

IVo say the path is found to be a great circle. This must bo taken 
with some lesoi'vation, since at the end of the month tJio moon novoi 
le luna p?eotse ^ to the position it occupied at tho beginning, owing 
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to tba regi’QBBton of tlio nocWand otlici’ Ho-callod perturbatlous/' 
wliioli will 1)(‘ disousHcd horoaftcr. 

M4. Uoou'fi Herldiau Altitude. — Since tho moon's orblb is inollnod 
to tlio Gcliptio 6° 8', ita iiiolliiabion to tlie equator vnrioa from 28^ 30' (23^ 28' 
+ 5*^ 8'), when tho moon's nscondliig node is tlio vernal equinox, to 18° 20', 
when, OJ yearn labor, the samo node is at blio autnnimil equinox, Ti\ Uio first 
ease tho moon’s docliiiation will olmngo during tho month by 57° 12', 
from —28° 30' to +28° 80'. In the other ease it will ohange only by 80° dO', 
ao that at differont times the difPoronoo In tho behavior of fcho moon in 
this respoob is very striking. 

836. Interval between Moon’s Transits. — On tho avorago tho moon 
gains 12° 11'. 4 on tho sun dally, so that It conics to tho niorldlan about 
61 mliuitos of solar tlmo later oach day. 

To find tlm moan intorval botivecn tho snocesslvo transits of tho 
moon WG may uso tho proiiortion 

(800° - 12° IV A) : 860° = 24^^ : aj; whenco 24’‘ 60’'h6, 

The variations of the moon’s motion in right asconalon, whloh are 
vary conBldoi’ablo (much greater thaji in tlio caso of tho snn) , cause 
this Intorval to vary from 24^ 88”^ to 25^ 06'”. 

236. The Daily Eetardation of the Moon’s Rising and Setting, — 
Tho avm'age dally rotoi’datlon of tho moon’s rising and sotting is, 
of Gom^G, the samo as that of hor possago aoross tho moridlan, 
viz,, 61'"; but tho aotual retardation of rising is Bubjoot to vory 
much gi'oator variations than those of tho moridlan passage, being 
afPooted by tho moon’s olmngoa in dcollnatlon as well as by 
tlio. Inequalities of her motion in right ascension. When tho moon 
is very far north, having her maximum clocllnation of 28° 86\ sho 
will i‘l6o in our latitudes inuoli oarllor than ivlion sho Is farther 
south. 

In llie Inlltudo of New York the least i>oBBlblo dally retardation 
of moon-rlsQ is 28 mliiutos, and tlio gr on tost is 1 hour and 17 
nilnutcH. In lilghci* latitudes tho variation is greater yet. 

237. Harvest and Hunter’s Moons. — Tlio variations in tlio retarda- 
tion of tlie moon’s rising attraot most attention wlmn they occur at the time 
of tho full moon. When tho retardation is at its minimum, the moon rises 
soon after sunset at nearly tho samo time for sovoral auceossivo ovonlngs ; 
whei'oas, when the retardation Is gi'calcat, the moon appears to plunge nearly 
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veitically below tlie hon/on by lioi daily nioLioii Wbou llio full ii^oon 
occuis afc the time of fcho autumnal equinox, the moon itsolt will bo noiu llm 
fiisfc of Aueg 

No^\, as bo seen by lofeionco to b'lg 7tb tbo poition of Ibo eoliptio 
ueai the fiistof 'Viies malcos a mucli sniallex angle with fcho oastoiii hoi J /on 
tliaii tlie equate I 

[The hue UN is the hon/on, E being tlio past point — tho llgmo being 
(liawii to lepiesent a celestial globe, as if tlio obscivci \\oio loolcuig at tlm 
eastein sale of tho celestial spheie f)om the oxtNde^ 

EQ IS the equatoi Now, w'lien tho autumnal equinoctial point m Hi si of 
Libia IS on the hon/on at the position of the ecliptic will be that lepie 
iented l»v ED ^ nioie steeply inclined to tho hon/on Ihaii EQ is, bv tim 
angle QED^ 231^ But ivheii the fiist of A lies is at 7i’, fclio ecliptic will bo lu 
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the position JJ* And if the asceiicbng node of tho mooii’ft oibit haiipmjH 
then to be iioai the fust of Anes, the moouN patli will be MAP 

Vecoulinglj, when the moon is in Anes, it, so to speak, coasts along iho 
eastein hon/on fiom night to night, its tune of nsiiig not vaiyiiig voiy 
much, and this, when it occiiis^neai the full of fclu* moon, gives liso to tlm 
phenomenon Known as the haivest moon, tlie limDCd xfioon Imnff the full moon 
neaxed to llie (luiumnal equinox The full moon next following is calleil tbo 
hmici \ moon 

In Noiway and Sweden, nndei these cncuinstances, llie moon^a oihit iiiuv 
actiialb coincide with the liou/on, so tliat slio will use at absolutely tho sumo 
time foi a consideiable numbei of successive <}\onings, 

238 The Moon's Orbit — As ui the case of tlie sun, the obaervu- 
tioii of the moon's path in the sky gives no intormation as to the loal 
sue of its 01 bit ; but its/ouii mav be found by measuring the apptii- 
ent (Immetei of the moon, which langes tom 83^ 80^^ to 29' 21" at 
ilifteient points The oibit tin ns out to be an ellipse like the oilut 
of the eaith, but with an eecentiicity moie than three times as gieiit 
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— about on tlio avorago, but varying from to -gij on acooiinb of 
perturbations, 

Tho oxtroinltlcB of the major axis fif tlio moon's orbit are oallecl 
the and tipogm (from irtpX yij and y^). 

The lijio of apaidoa, which pusses through tiicso two points, moves 
u round towards the east once In about nino years, also on acconut 
of perturbations, 

239, Parallax and Distance of the Moon. — Tlicsc can bo found in 
several ways, of wldch tho si in pi os t Is the following : At two observa- 
tories B and Q (Fig. 74) on, or 
very nearly on, tho saine merid- 
inn and very fnr apart (In tho 
northern and sontlicrn Iio mi- 
spheres If poasiblo \ Greenwich 
and tho Capo of Good Hope, for 
Inst an co) let tho moon's zenith 
dlstanco and Z'OMbQ ob- 
Borved slmnUanooiisly with tho 
nicrldian oircio. This gives in 
tho quadrilateral BOOM tho two 
angles at B and (7, each of 
wliioh is tho supplomont of the gcocontric zenith distance, Tho 
angle at the contro of tho earth, BOQy Is tho dlfferoncG of the gco- 
oontrlo latitudes and is known from tho geographical positions of 
tho two obsorvatorlps, Knowing tho tlirco angles in tho quaclrilat- 
oral, the fourtli at jl/ is of con wo known, sinoo tho sum of tho four 
must ho four right angles. The bUIgb BO kiid 00 are known, boing 
radii of the earth; so tliat wo can solve the wholo qimclri lateral by 
a Bimplo Irlgonomebrloal prooesB. 

First hiul from the triangle BOC tho partial angles OCB and OBCf and 
tlie side BC, Tlimi in tho triaiiglo BCM wo liavo BO and tlio two angles 
CBM and MCB^ from which wo can hiid tlie two sides BM and CM. 
Finally, in tlio ti'ianglo 07 iil/, wp now know tho sides OB and BM and the 
ill eluded auglo OBM^ so that tlio side OM can bo coni pn tod, w'hioh is tlio 
distance of tho moon from tho earth’s centre. Knowing this, tho liodzontal 
parallax KMOj or tho so mi -diameter of tho earth as soon froip tlie moon, 
follows nt 01100. 

Tho moon’s parallax can also bo deduced from obsorvatlons at a single 
station on tlio oartli, but nob so simply, Tf slio did not move among the 
stars, it would bo vovy easy, ns all wo should have to do would bo to compare 
lior apparent right asooiiHion and docllnatiou'at diffm-ont points in lier dliir- 



Fig. 74, — l^ulormltmtlou of llio Moon'a PamllAX, 
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aal Glide Neai the eastern hon/on tlio paiallax (always dopiossing an ob 
jcci) incieasea hei light ascension^ at setting, vice un^a On ilu* ininidiaa 
the deolination only is affected,* lint tlio motion ot the moon must Imab 
lo^\ed foi, as the obseiTatiom to be compaied aio nrcessauly ^epiuiiiGil by 
considerable nitenals of time, and tins complicates tho calculation 

A thud, and a \eiy accniate, method is by moans of oocullafioiiH of 
stais, obseived at \Mdely sepaiated points on the oaitli Those ooouUations 
fminsh the moonN place with gloat acorn acy, and so deioiniiiiG iho pinnV 
iax ^eiy piecisely, but the calculation is not voiy simple, as the lunoiiN 
motion in this case also enteia into it, siiico iho obsmvations raiinntr bo 
Bimultaiieous 

240. The Distance of the Moon is continually olianging on acoontit 
of the eccentiicity of its oibit, vai 3 Mng all tho way, uocouling to Nlm- 
sou, between 262,972 and 221, Gil miles; tho mean distanoo being 
238,840 miles, oi 60 27 tnnos the cquatoiml radius of tlio eiiilli. 
The mean paiallax of the moon is 57' 2'', siibjoot to u simtlar per- 
centage of change This value of the parallax, it will ho nolod, 
mdicates that the eaith, as seen fioin tho moon, has a diamotor of 
neail} 2^^ 

Knowing the size of the moon’s oibit and the length of tho inonlli^ 
the \elocitv of liei motion aioiind the caitli is easily cnkMilate<l It 
comes out 2288 miles per lioui , or alioiit 8«350 foot a second. 




FaheUepreaen muons of Jiroon’e >fotlo«fl 


Reference to the S;in.— 
the moon moves m a small elliplioal oibit aroniul tho enrlli, It 
0 moves mount! the sun m company with tho earth. This commou 
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If)! 


motion of til u moon and earth, of cuiirso, tlooB not affoot their relative 
motion ; but to an observer oiitaide the system the moon's motion 
around the earth would only be a very sniall component of the moon’s 
inovomont aa bcqii hy him* 

The distance of the moon from the earth, 289,000 miles, la very 
small ooinparod with that, of the earth from the ann, 93,000,000 miles 
— being only about part. The speed of the earth in its orbit 
around tlie sun ia also more than thirty times faster tliaii tliut of the 
moon 111 ita orbit n round tlio earth, so that for the moon tlic result- 
ing path in apace is one wliich is always concave ioward^H the ««??, 
as shown in Fig. 75. It la not like Figs. 70 and 77, ns often rep- 
resentod. If we represent the orbit of the earth by a circle with u 
radius of 100 inches (8 feet 4 Inches), the moon would only move 
out and in a quarter of an in oh, crossing the circiimfereuoo twonty- 
flve in going once around it. 

242, Diameter of the Moon. — The moan apparent diameter of the 
moon is 31' 7'^ This gives It a real dliimotor of 21 G8 miles (plus or 
minus one mile), which equals 0*278 of the earth’s diameter. Since 
the sur faces of globes- are as the squares of their diameters, and their 
volumes as their ouboB, this makes the surface of the moon 0,0747 of 
the earth’s (between and ; and the volume 0.0204 of the earth’s 
volume (almost exactly ■^) ; that is, it would take 49 balls eaoh as 
largo as the moon In bulk to make a ball of the size of the earth. 

243. Moss of the Moon. — This is about of the earth’s mass, 
diftoroiit authorities giving the valho from to It is not easy 
to determine It with accuracy. In fact, thoiigli the moon la tlio 
nearest of all the heavenly bodies, it is more dlflloult to “ weigh ” licr 
than to weigh Keptiino, altliough ho is the most voinoto of tiio planets. 

There are four ways of approaching the problem ; (1) (perliapa 
onslosfc to understand) by Jlnding the portion of the common centre of 
gravity of the earth and moon toith refermce to the centre of the earth* 
Since It Is this common ce^itre of gravity of the two bodies wliioli 
doscrihoB around the euii the ellipse which wo have called the 
earth’s orbit, and bIuco tlio earth and moon revolve around this 
common centre of gravity once a montli, It folio wh tliat this monthly 
motion of the earth causes an altovnnto eastward and woBUvard 
displacement of the sun in the sky, wliloh can bo moasured. At 
the time of the new and full moon this dlsplaoement is zero, the 
oentro of gravity being on the Hue which joins the earth and sun ; 
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but Tvlien tlie moon is at quadmliire (tlmt is, 90° from the sun, at 

the time of half-moon), the Bim 
/ p \ apparently displaced in the sky 

' Mitoivards the QnooUi as is evident 

• from Fig. 78. It will bo about 

east of its mean place at tin? 
first quarter of tlio moon,l'ig. 7H 
(j5),and as much west at tbo time 
of the last quarter, Fig. 78 (yl) { 
when the angle MOS is 90°i 
the angle MGS la always less than 
90° by 6^'.3, which is therefore Iho 
value of the angle OSG), Now 
since the parallax of the Bun 
(whloh is the earth’s soini^dinni- 
eter seen from the sun — the 
^ angle QSK) is about 8'h8, it fol- 

lows that the distanoo of tiio cen- 
tre of gravity of the earth ami 
moon froih tlio centre of the 
earth is the fraction Ig of the 
earth radius, or, about 2830 miles. 
This is just about of the dis- 
tanco from the earth to the moon, whence wo conclucle that the mass 
of tliG earth is 80 times that of the moon. 



FlO, 78. 

j&p parent Oieplacomciit of Sun nt First aiul 
Third Qiiortcw of tUo Month. 


' S44. (2) A second method is by comparing the. inooifs 

the cunqyuied period tuMcli a single particle at the moon's distance from the earth 
ouglii to hemt according to the Iciiown force of gravity of tho eartii, as dolior- 
Uiined by pendulum experiments. Tho explanation of this method cannot 
bo given uutU we have further studied the motion of bodies under tho law 
of gravitation. It is not sxisceptible of great accuracy. 

(3) Still another method is by comparing the tides produced hg the moon 
loith those predveed hij the sun. This gives us tlie mass of tho moon as com- 
pared with that of the sun ; and the mass of tho sun compared with that of 
the earth being known, it gives us ultimately the mass of tho moon com- 
pared with that of the earth. 

(I) The ratio of the moon’s mass to the sun’s can also be computed from 
the nutation of the earth’s axis, (See Chap, XIII.) 


246. No other satellite is nearly as large ns the moon, in comparison 
with its primary planet. The earth and moon ‘together, as seen from a 
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tliatant fitar, aro really in many reai.xjcU more like a double planet than like 
a planet and RiilolliLe, as ordinarily proportioned to oaoh other. At a time, 
for instance, ^vlien Yemis hap pen 8 to lie near the earth, at a distance of 
about twonty^flvo millions of miles, the earth to her would appear just about 
as bright as Yeiuis at her host does to ns; and tlie moon would bo about ns 
bright ns Birins, at a di stun on of about half a dogroo from tlie earth. 

246, Density and Superficial Gravity of the Moon. — Sliico tin* 

density' of a body In equal to tbo clonal ty of the moon as 

volume 

compared with tlmt of the earth ia fouiul from the fraction 

or 11:^. 

0.0201 

Tills makoB the moon's density 0.013 of tlic earth's density, or 
aljont the density of water — somoNvhat above the averngo den- 
sity of the rocks which eoinpoBO tlio oniat of the earth. 

U'lds small donsity of the moon is not Hurpvisiug, nor at all incoiisistont 
with the belief that it once formed part of tlie same masH with the earth, 
Hinco If Rueh wore tbo ease, the moon was probably formed by the separation 
of the of that mans, which would bo likely to have a smaller 

Bpeoiflo gravity than the vest* 

247. Tlio superjloial grainli/y or the attraction of the moon for bod- 
ies at its own surface, Jimy bo found by tbo equation 


In which {/' eignincs the suporAoial gravity of tlio moon, g is the force 
of gravity of the earth, while m and r are tlio mass and radius of the 
moon as compared with those of the earth. This gives ub 


{f' = !t X 


0.0125 

0,0747’ 


or (very approximately) equals one-sixth at g \ that is, a body which 
weighs six pounds on the earth’s surface would at the surface of the 
moon weigh only one (in a spring balance). A ninn on the niooii 
could jump six times as high as he could on tlie earth and could throw 
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a stone si\ times as far, This is a fact to bo remoinbeivd ni coniiuo 
tiou \\ith the enoiiiious scale of llio siirfaco-stiiiclnro of ihn moon. 
Volcanic foiees, foi instaiico, upon the moon ivoulil tiu'o'vv tlio rejected 
niateiials to a vastly gi eater distance theio than on the earth. 


248 Rotation of the Moon, —The moon lotatcs on its axm onee a 



month, 111 piecisely tho same time as that 
pied by its levolution aiound tlio oiuth. In the 
long urn it theioforo keeps tho same witlo ahvaytt 
towaids the eaith we see to-day piecinely llie 
same face and aspect of the moon as Galiloo did 
when he flist looked at it Avith Ins telescope^ and 
the same will contiimo to bo the case for tlionnands 
of years moie, if not foiovor. 


1 


Tf 

Jt I'i (lihicult tor some to hoo wliy a motion of this 
801 1 should be considoiod a iotadon of Urn moon, Hincii 
it is essentially like tho motion of a ball oamod on ii 
1 evolving Clank See Fig 79. Such a ball, llioy say, ^hevolves mound din 
shaft, but does not rotate on its own axis Tt does lotato, bowovm. 'i'lm 
shaft being veitical and the ciank lioii/oiital, suppose that a coinpiiss 
needle be substituted foi tho ball, as in Fig 80 'rim pivot luins uiulei 
neath it as the ciank Avhnls, but the compass 
needle does nob lotate, inaiiitaiinng always 
its o\Mi dnection ^\ith the maiked end noiUi. 

On the othei hand, if we maik one side of 
the ball (in the pieceding %mo), we ahall 
find the maiked side piesented successively to 
eveij point of the compass as the ciank ic- 
volves, so that the ball as leally tuins on its 
own axis as if it weie whiihng upon a pin Fio so 

fastened to a table, The ball lias two dis 

tinct motions by viitiie of its connection with tlio ciank, Iho niution 
Tthe sHft " "" " oentio or gravity pa. all..! 


I trio 
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thmn (loflcribo a groat cirolo In the sky 00° distant from tho point plercod 
by tlio axis, and bhcso [joints consbituto tlm equator of tlie body. 

249. Librations of the Moon. — 1. Libndion in LaiUude. Tho axis 
of revolution of the moon is not perpendicular to I ta orbit. It makes 
a constant angle of about 88 with the ecliptic, and tho moon’s equator 
U 80 placed that it is til ways edge- wise to the earth when tho moon is 
at her node, being nmin tabled in that position by an action of tlio earth, 
whlcli pmdncca a preocssloiml motion of the moon’s axis. Tlio angle 
bot^vepn the moon’s equator and tho plane of her orhit,thcrcforoja 1-^-'’ + 
tho^ Inclination of the moon’s orbits whloh togetlicr make up an angle 
of a little more than ; but, os tho liielluation of tho moon’s orbit 
to the ecllptlo is constantly varying slightly, this I noli nation of tlio 
moon’s axis to her orbit also changes oorrcspondlngly. This inclina- 
tion of the moon’s axis produces clmiigos In tlie aspect of the moon 
towards the oar,th slinllai’ to those produced by tlio Inclhiatlon of the 
earth’s axis towards the oollptic. At one time, just as tlio north polo 
of tho earth is turned towards tho sun, so also the north polo of the 
moon is tipped towards the earth at an angle of and In the oppo- 
site half of tho moon’s orbit tho south polo la similarly presented, to 
us. In consequence wo alternately loolc over the northern and southern 
portions of tho moon’s disc. 

The period of this llbrafeion 
node to node, called a nodical 
reoohuion^ This is 27.*21 days — 
about 2 liourfl and 08 minutes 
shorter than tho sidereal rovo* 

Inti on of tho moon, since tho 
nodes always move westward, 
completing thei circuit in about 
10 yoai's. 

250. 2. Lihmtion in Lon- 
gitude, Tho moon’s orbit 
being eccontrio, she moves 
faster when near perigee, 
and slower when near apo- 
gee ; lialf-way between peri- 
gee and apogee she is more 
than (j° ahead of tho [x>sltiou 
she would have If she hod moved with the mean angular voloolty. 
Now tlio rotation is unf/ona. A point, therefore, on the moon’s 


is the time of tlio moon’s vo volution from 
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feuiface ^Uiicli d not ted Lo\Yaid tliti eaith at pougoc will not 

Ime revolved far onongh to keep it diiocted townid the oaitli when 
she IS (m time) betncon pongee and apogee, iiB i4 ovldciii 

fiomFig 81 Foi in the quaitoi-moiiLli novt following tUo peiigee, 
the moon ’will tiavel to a point jir, considciabl} moio t)mii Unll-way lo 
apogee Ihit the point a will have made only one qnaiUn‘*iiii n, wlu( li 
IS not enough to bi mg it to the lino MlU, shall thoreforo hoo a 1 1 ttU* 
aioimd the edge* Similaily on the otliei side of Um oilnt, 

half-way between apogee and peiigec, we slnll look aioinid (lu* 
edge to the same evtent At peiigco and apogee both, llio libintion 
IS, of comse, ^eio The amount of tins libiatiou is ovidonUy nt ^xny 
moment just tlie same as that of the so-callcd ‘‘ equation of Uie oeiiti 
wineli, it will be lemomboied) is the dilfeienco beUvecn tho and 

ue anom«h(?5 of the moon at any moment Its mavimnni po^^sildo 
value IS 

The peiiod of tins hbiation is the timo it takes the moon to go nioniitl 
fioin pongee to peiigeo — tho so called (tnonuih^tit i evohitioU) whioli is U7 riHo 
clays, tibout 6 houH and 80 nmiulos longoi than tho sicloionl month, and S 
houis 11 minutes loiigoi than tho mooifs iwdtcal lovolulioii; \vliK'h dei<‘i- 
mmes the hbiatioii m latitude 

The cause of the itioi eased length oC tho anomalistic lovolnlion in of 
couise tho fact that tho line of apsides eontmnally advances nink- 

ing one i evolution G\eiy nmo yeais 

261 d Diunicil Ltb)citwn This is stiietly a libiation not of ttu‘ 
moon, but of the obseivei , still, as fni as the aspect of tho nionii 
goes, the otfect is pieeisely the same as if it were a tine lunai libni- 
tioii Ihe niooifs motions have leference to the oaitlfs coiiUc 

on the siuface of the eaith, look down ovei the western of tlic 

moon when it is using, and ovoi the castem when it is sotting, by 
an amount winch IS equal to the semi-diamctei of the eaitli as fiocii 
fiom the moon , that is, about one degieo (tlio inooifs paiuUuN:) 

On the whole, taking all tliiec libiations into account, wo hco cqu- 
sicleiably moie than half the moon, the poition which nei or clisiipjiosiVK 
being about /o? /y-07ie jyei cent of the inooifs surfioo, that never visi- 
ble also foily^one per cent, while that which is allernatol) viaiblo and 
invisible is eighteen pei cent 

262 The ugiecmeiit between the moon’s time of lotaiion and of 
ler oibital levolutiou cannot be accidental It la probably cluo to tho 
action of Urn eaith oii some slight piotuberanco on the moon’s sin fucus 




Fiu. 8*2. — Explimallou of .thu I’liabt's of llio Moon. 


only that part of the Uluinmated hemisphere which is at tlie time turned 
towards the earth. At new moon, when the moon is between tlio 
earth and the sun, tlie dark side is towards us, A week later, at the 
end of the first quarter, half of the illuminated hemisphere is seen, 
and we have the half moon, just as we do a week after the full. Be- 
tween the new moon and the half inoou, during tiie first and last 
quarters of the lunation, we see less than half of the illuminated por- 
tion, and then have the crescent” phase. See Fig, 82 (in which the 
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light is Bupposod to ooinc fiom a point far above tho inoon^s oiblt). 
liotween the half moon and tho full, cluung tho second and thiul 
qimrteiB of the lunation, wo see mote than halt of the moon's illmiii- 
imted side, and have what is called the gibbous” phase 

Sinoo the tcinnnator or line which separates tho dark poition of the 
disc fiom tlio blight is always a mni-eUipsa (being a semi ciiob viewed 
obliquely), the ilUiimnatod surface is always a figure made up of a 
mnUu'tclc plus oi minus a semi-elhpse^ as shown in Fig 83, A 


Jt IS sometimes mcoueetly atiempiccl to icpiescuL llio oiescoiit foiin 



by a constuiction like Fig 8.3, B (wIkuc a 
smalloi on do is cut hy a Lugoi ouo), It is 
to be noticed that oh^ the lino winch join Is 
tho cusps, IS ah\ays poi pondicuhu to iho Inio 
diiecled to tho sun, and the lioin^ ci^o always 
tmned mvatj f)om ilia stm; so iluifc tluj picciso 


iij« 81 position in wliicli they ill stand at any time is 


always pi edic table, and has nothing w'lmiso('vci 
to do with the weathoi, Aitists aie sonietnrios caiolesa in tho inaniici in 


which they intioduco the moon into landscapes Ono occasionally sous tho 
moon neai tho hoii/on ^Ylth tho tinned doionwauh) apioco of di awing 


fit to go ^Ylth TIogai til's baiiel which diows both its heads at once 


264 Earth-Shine on the Moon Neai tho time of now moon Lho wluilo 
(liso ot tho satellite is easily visible, thopoi tioii on which sunlight does not fall 
heiiig illunnnaled by a pale luddy light Tins light is eaitli-shmC) tho cm ill 
as seen fi om the moon being then nenily full ; foi scon fiom the moon tho om 111 
shows all tho phases that the moon does, tho oui ill's phase in cvoiy ouso lioing 
exactly supplemental y to that of the moon as seen by ns. 

Astlio eaith has adiainoiei neailyfoui times that of lho moon. Die OtUili 
shine at any phase would bo about tlinteen times as stiong as nioonlighl, if 
tho leflcctive xiowci of tho eaith's sinfaco woio tlio same Piobably, taking 
tho clouds and snow into account, tho eai ill's siufaco on tho whole is latbei 
inoie bnlhaut than the moon's, so that noai now moon lho eaiihshhic, by 
which the dadc bide of the moon is then illuminated, is fiom flftoon to 
twenty times as stiong as full moonlight Tho uiddy coloi is du(‘ to tlm 
fact that light sent to the moon fiom the eaiih has tivico pencil ated om 
atmospheie and so has acquiied the sunset tinge 


266 Physical Ohaiaoteiistios of the Moon, — 1 lii^ Almospheie, 
Tho moon's atmospheio, if it has any at all, is cvticnicly laie, piob- 
ably not piodiicing a baioiuetric piessnio to exceed 
of meiciuy, or of the pressiue at tho eai Ill's surfaec TTic 
evidcace ou this point is twofold 
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(a) The ielescopio aj^eavance^ Tho parte of bl^o nioon near the 
QdgQ of tho disc, wliloU) iC tlitiio wero nn3^ atinoephcvo, would bo 
eeen through itB gi'outoet poBJilblc dopth, aro scon without tho loaat 
distortion.; thcro is no haze, and ail Bluidows auo perfectly black. 
There ia no sonslbio twilight at tho cuBpe of tho moon ; no cvidonccs 
of cIoucIb or stonua, or anything like atinoaphoilo pbonomena. 

{b) 27ie absence of refraction wiien tlic moon intorvenos between 
iiB and ixny more distant object. For Inataiieo, at an eclipse of tho 
sun tbero is no distortion of tlio sun’s limb whom the moon cuts Itj 
nor any ring of light rnnnlng out on tho edge of tho moon like that 
winch enciroiofl the disc of Venus at tho time of a transit, Tim moat 
striking ovklonco of this sort comoBj however, iVoin occiilfcaLlons of 
tlio fttftiij. When tho moon hides a star from sigiit, tho phenomo- 
uoii} if it occurs at tho moon’s dark edge, is an oxcoedingly sti'iklng 
one* The star retains its full brightnesB In tlm field of tlio tolc- 
scopQ until all at ouco, without tho least warning, It simply is not there, 
the dlauppcamnco generally being abaolutxily instant ancons. Its reap** 
poai’anco is of the saino sort, and still more Btavfclhig. Now if tho 
moon had any porcoptiblo atuioaphore (or tho star auj Bonsiblo diam- 
eter) tho disappoaranco would bo gradual. Tho star would cliango 
color, bocoino distorted, and fade away more or less gradually. 

Tlio apQcbroBcopo adds its ovidouco in the same direction . Tbci*© Is 
no modi (lea tioil of tlio 8i)ectrnni of tho star in any roai^oot nt tho thno 
of its disappearance; and wo may add that tho spectrum of moonlight 
la idenlical with that of sunllglit pure and Blmplc, there being no 
traces of any offeet whatover produoccl upon tlio sunlight by Its ro- 
heotion from tho moon, nor any signs of its Imvlug passed througli 
an atmosphere, 

260. The time during whioh a star would be hlddou behind the 
moon would also bo deoreasod by tho refraction of any sonsiblo 
atmosphere, making tho observed duration of an occulta ti on less 
than that oomputed from tho known diameter of the moon and its rate 
of motion. Certain Greenwich observations a 2 )p(xventli/ show a d{ffer-‘ 
ence, amounting to about two seconds of time. This may possibly be 
duo in some part to tho action of a reah but oxcocdlugly rare, lunar 
ahuosphei'o ; for if tho whole phenomenon were duo simply to ntmoa- 
phovio aotlon, It would indicate an atinoaphcro having a density about 
part of our own, — far within tlio limits whioh wOro stated abovo. 
But tho differenoo may be, and very probably Is, tiUrlbiitablo, In part 
at least, to a slight error in the moasured dlamotor of the moon, due to 
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ittadialion* the chamcfcoi of a bnglit object always u liUlc 

laiger than it ically is An cuui ot about 2** of suit uoiibl 

explain the whole disci epancyj without any need o£ Jiolp fiom an 
atmospiieie, 

257 What has become of the Moon’s Atmosphere - — -U Um moon 
evei foinied a pait of tlio saino mass as tlio caiUi, she must on<'u lni\o had 
an atmospheie Tlieic aio a mimbei of possible and moio (U less piobablu 
hypotheses to account foi its dis.ippeaiaiico It has boon siuinisvd (1) fbiil 
tliQie limy bo gieat cavities left \Mlbin the moon's mass hy vohanic eiiip 
tiojis, aiul that the locks thomsehes have been liansfoinir<l into a soil 
pumice stone stiuctiue, and that the an has letiiod into llicso intrimil 
c,u dies 

(2) That tlie an has been ab&oibed hv the iiiiioi luuai locks iii voohng \ 
heated lock e\pels any gases that it may have absoibed; but if it iiflcnMiids 
cools slo>\ly, it leabsoibs ilicin, and can lako up a veiy gioat ciinud iLj 'i bn 
eaitVs coie is supposed to bo now loo intensely heated to absoib nmch , 
but if it goes on cooling, it will absoib inoio and inoio, and iii tiimi il niii\ 
lob the siuface of the eaith of all its an Theio aio stdl othoi ]jyputhi“^t s, 
winch we can not take space e\on to mention 

268 Water on the Moon’s Surface —Of comso without lui utinoH- 
pheio theie can be no waloi, since the watoi would immoduituh oMip- 
oiatc and foiin an atmospheie of water Mipoi if ihcio w('in no nil 
pie&cnt It IS not impossible, howevoi, oi even iniinobahh*, lliiil 
solid watoi, that is, lec and snows ma} e\ist on tho iiioon'H surfm i‘ 
at a tempeiatuio too low foi any senbible pvapointunu ’riioii* iU(‘ 
many things in the moon’s appoaiaiice that seein to inclKato llic* foi^ 
iriei CMstence of seas ami oceans on lioi suiUicGj iind tho Hnuic 
hypotheses ha\e been suggested to account foi thiur tliHtippcniniicr 
that weie suggested in the case of the moon’s atinospluuo Ft mn\ 
1)0 added also tint many kinds of molten lock in ci vHtilli/mg onhl 
take up laige quantities of wntei of eiystalli/aiion, not lucicly iili- 
soibed as a sponge absoibs watei, but cliemicall^ united willi Uic otliui 
constituents of the lock, In wdiatovci way, howovor, il inuy ]iu\o 
come about, it is ccitain that noiu no substancob that mo gascouH, or 
that can be evapoiated at low temperatures, exist in nny qnanlUy on 
the moon’s surface — at least, not on our side of the moon. 

Them ha\e been speculations that on the othei sido — that oelosHal coini' 
tiy so iieai us and so absolutely concealed fiom us — theio niuy bo an luid 
w atei and abundant life j tho idea being that oin side of tho moon Is a gien t 
table land many miles m elevation, while the othei side la a conoapouding 
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ih'pM-' 'ilnii, ihn valliiy \\\[> CHspijui JSiiUj only vastly doapnr. An in- 
aolEii’iiMif ty Oiiiiolusion ii[ nnusou’H, Unit lliii iianiro (»f gniviLy of 

Iho 1IM1UII iH MUI1I1 tliivly milrs finilnn' from us Hum its (uuitro of Ilj^uro, for n, 
liiuo I'olov In (ho it now pvuolioully ulnuuloiual, IlnoBon's 

niiu-lii?ilnn linviii[;[ iiriMi nliowii to lui uiiwan’iuilml Ijy Hm fnolH. 

Tho Moon’s Light, -- Aw in tjunliitf il is slniplo Huullghfc, fthow- 
ihi,'; M *'pr(Th inn wliioli, us has boon Hiiiil, itlouUcal in uvory (Iclftiil 
Nvilli timt III' light tsiiniiig illns'ily rroin Urn sun, Jts bi'iyhtncttit ns 
i’oin|un’oil wUli tlml ni' Huuliglil is ilillloiill to iniuisuro acsairiitolyj mul 
lUlioirhl oxtiurliiiontiM’ii havu i’nnml ivsnlls for Ihu ratio ImLwcmii fiill 
iiHinnlii'lit. uml hiinliglit nuiging all lli(Mviiy from j,,y ( ILniguor) 
rtiiodnii (Wolhiriioii) . ’V\\{\ viiUiu mnv imimlly iioropUai in limb 
atilvniilnisl liy /lillmir, vl/., Au(U)raiag to tliin, If Uio wholo 

visjMo lioiiilHpfiuro warn juuliiMl w\l\i full iiioouh, wu hIiouW locolvo 
f)i»in It ulinul oiiu-uiglilli ]uui of llio light of llio sun. 

[t hi hiiniil, ulsup Unit, lln^ liulf innou iltirs not ^i[lvo civnn miarly luilf ns 
umi*h li^hi, an llm full nunni. 'riin lll^v whhili coiim’uU llui plmno of ihn 
\nimii NviiU lUn iLiunuiil givmi ul. tlin tiimi, Is viitlior uoinplloiitoil, liub 

Mm |;ij.|, nf iliu iniiMiu- in lliai iit any Uinn, oxoapb at llio full, Ihn visible snv- 
fun. Is ninnt nr Iuhs iliirloausl l)y tlm nliiiilows nasi by Miu ivn?guluvlUcis oC tlin 
Hui fui'n. '/bllnur lias ralnuliitiul lliat an avdi-u^o uni^lo of 52^ for ibnso alovii- 
liMMs uml ib‘|ir('^slniiH ^v■nul(^ ari’iMuil, for tlm Ui>v of illuiuinuliou luUinilly 
oliHi.iVrd, 


"I'lai avaraga tUlmhiy* or rolUH‘Llug ivavor of tlin nioon'w mirfuno, 
/fbliior Hliiliis UH (1.171; lluit in, tlin mooii’n surfiufo rojlfida a liUla 
tintu iwioaidh part of tlin light tluiii falls upon il. Thin Is iil>out 
llin iiUuulo of ii nilhnr llghlHiolornd HumlsUiiin, uinl ugmas ^vull wiLii 
Lim nMllimiln of Sir ilolni llnmnlu*!, who fouiul Ibn moon U> hn very 
I'Mintly of tlin sinun Inigblunss ns tho I'onk of Tablo Alouivtalinvhon 
!l wiiH sutUng bnliliul ii» lUiiinlntiUid us wuro Ihn vouUh tlioinsolvcs by 
llin llglil of ihn rising sun. Tlinro urn, liownvnr, groat viiriatlons In 
tlin brlgliUinss of (llftri’i'iit portions of llui niooii*u Huvfuoo. Soii\o 
Kjitils urn nniivly as wlillo as siunv or salt, and oihora us dark as 
hIuIu. 

260. Heat of tho Moon, — I'or a long Unm It was IinpoBBiblo to 
dulnnt tbn moon's lumU It Is loo fnnbln to bn dntnotnd by tlm most 
dnlimiln iiu'vniirla! tbnrinoinntor nviiii wlum nonnonlvated by a Invgo 
Inns, Tbn lirst snnslblo nlTnnl wus obtaliuid by Mollonl, In 1816, 



162 


'THB MOOK, 


WLtli the ttieii iie^vly iinentecl theimopilo, by a sorics of obsowtiHons 
bom tlio summit ot V'esuviiH Smop then sevmul physicists hnw 
AYOikcd upon tlio subjGot with inoio oi loba successj buL the moKt ic- 
ceiifc and lelmblc investigations mo those of Lord Rosso and Piofcs- 
soi Langley. With modem appniatns them B no difllcnlty in detect' 
ing the heat in the limai ladiatioas, but weusmemi^nls me cxtmniely 
clifhciilfc and liable to eiior A con side i able peiceiUagc of the Innni 
heat seems to bo heat simply 'reflected (like liglit)^ while the lost, 
perhaps tluee-fourtlis of the wholo^ is ^^ohseme hPCit*\ that m, heat 
wliieh lias been fust absoi bed by the moon*s auifiico and thou 'iadkitnU 
like tho boat fi’oin a buck biufacc that has been warmed by sunshine. 
Tbia IS shown by the fact that a eomiiaiatiyclv thin phUc of glusB 
cuts o(f some 6 G per cent of tho heat leccived from tho moon in (hi* 
same way lhati it does the heat of a stovcj while the heat of ducct 
sunlight, 01 of an electiic am, vvonkl pass tinough tlio sumo plate 
ivith vciy little dumiiulion The same thing appeals also fioni dncci 
moasiiienients upon tlie heat-speeb of the moon made by Lniiglcy 
with his bolomctei, desciibcd fnithci on. (Ait. 3^13 ) 

3 ftl As to the tmpemtui e of tha mQon\<i Hurlace^ it js tltlTlcuU to 
afliim much with certainty. On one Imud, the lunar locka ui v oxiiosed 
to the sillies lajs in a cloudless sky foi foiiiteon days at a tiniCj so 
that if they were blanketed by an like our own looKs they would cer- 
tainly become in tensely heated. A few yeais ago, Loid Rosso m- 
fened fiom his observations that the tcnipoiatino of the lunar euifaco 
losG at Its ina\ummi (about tlucc days after lull moon) far abovo 
that of boiling water. 

Bub his own latei i lives tigations and those of Langley lliiow great 
doubt on this conclusion Them la no an -blanket at tho inoou^s 
suifaco to pievent it f 10111 losing heat as fast as itiecoives it, niid 
It now SGoins lathci itioic piobablo that tlio teinpciatuio uover imsob 
above the fioe^mg-point of water, as is the case on tlio higliest of 
our mo uniaiiis, where them IS peipelual ice, and the tempoiatmo ib 
always low even at noon So far as we can judge, the condition of 
things Oil tho moon’s einface must coiie&pond to an elevation many 
times lug he i than any mountain on the cailU; for no ton estiial moun- 
tain IS so high that tho den si by of the air at its aumnnt is even nearly 
as low as that of the densest supposable lunar atmosphcio. 

Tine idea, that the tempeiatuio is low, is borne out, also, l)y the 
fact that tho bolometei shows the piesonce, in the lunar ladialioiis, 
of a con sidei able quantity of heat having a wavedengLh grcatei thaw 
that of the heat i adiated fioiu a block of ice. 
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At tiio Gad of the loag lunar night of four toon days tho tompora- 
tore lunat fall appallingly low, certainly 200° below ^cro. 

1, liG whole amount of heat sent by the hill moon to fcUo earth is 
estimated by Kosbo as a6ou^ oati eighty-thonmncUh part ofiJuft sent by 
ike 

262. Lunav luflueiioea on the Earth. — Tim moon^a attriuitlon co- 
opGi'atea with that of the auu In produeing tides, of wliioli we sliall 
speak hereafter. Tlievo are also covtaln dlatinotly aseertainod cUb- 
tiivbanoca of icvvestlal niagnetlBin connected with the approach and 
rcoGBsioi) of the moon at perlgco and apogee; and this ends the 
clitipter of iiBcertaincd lunar Influenec^. 

'^t'he miiltltudo of cui'vQnfc hoUefa os bo the controlling iiidnonco of the 
moon’s phaHGB and ohangoa ovor tlio WQabhov and the wrlou^i conditio ho of 
life avo moftbly uufouiulcd, and in tlie fefcvict- soiiBo of tlie woi^d sapors ti- 
tlona,” — more ftiuwlvoi’B from a past crodulity- 

Ib is (pute Certain that If thoro Is any intlnonoo at all of fcho Bort lb is ox- 
tremely alight — so slight that ib cannot be deinoiifltratecl with certainty, 
although muiiorouB investlgatlona have hoen made expressly for tho purpose 
of dotoobing It. Wo have nevar boon ahlo to agoei'tain, for ins banco, ^ith 
certainty, whethou ib is warmer or no/, or le^at cloudy or no/, at tffo time of the 
full moon, Diffovont invoablgatioim have led to contradictory I'eaults. 

TIio frocpienoy of tlio moon’s oiiangeft is so gmat that ib is nlwaj^ easy to 
nnd iiiataucoB by which to vorlfy a holiof that changes of tho mooii control 
conditions on the earth. A chango of tlio moon necessarily occui’s about 
once a week, Dio interval from quarter to quarter l>oing between seven and 
eight days. All changes, ot the w^oather for inatance, must therefore occur 
within three and tiiveo-fourths day ft of a ohauge of tlio moon, and fifty per 
cent of them ought to oeour within forty-six hours of a change, oven, if there 
were no causal eonn.ee tiou whatovov. 

N'ow it requlTOB only a very slight prepossession in favor of a belief in . 
the eifeotivenesB of the moon’s Changes to make one forgot a few of the 
weather changes Diat oecm* too far from the proper time. Coincideiices 
enough can easily be found to justify a preexisting belief. 

THE MOON’S SUlllfACB. 

283* Even to the naked cyo tho moon Ib a beautiful object, 
divevalfted with darker and lighter inarkiugB which have rise to 
numerous popular anporntitiouB. With a powerful toleacopo theae 
naked-eye markinga moBtly vanish, and are replaced by a coimdeftB 
multitude of emnllor doballa, which are Intereatlng in the highest 
degree, The moon on the whole, on account of this diversity of 
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detail, is the finest of all telescopic objects ; CBpcciiilly to ninilnrnln- 
sized instruments, say from six to ten inches in diniueter, Avhicli 
geiieifllly give a more pleasing view of om* mitellito tliiin iiisinuiiciilH 
either larger or smaller, 

264, How near the Telescope brings the Moon. — An iiiHiriinunit 
of this size, with magnifying powers between 2r>() niul hUO, lirings 
up tlie moon virtually to a distance ranging from 1000 miles to oOO \ 
and since an object ii mile in diameter on the moon HubteiulH iiu 
angle of about 0^80, with the higher powers of such nii instrmnimt 
objects less than a inilo in diameter become visible under fav^jinlde 
atmospheric conditions. A long line or streak, evem less IJinii u 
quarter of a mile across, eonUl probably bo seen. With hirgor Lele- 
scopes the power can now and then be carried at least twice an liigb, 
and correspondingly sniallor details made out. When everything is 
at its best, the great Lick telescope of 86 inches aperture;, willi a 
power of 2500 or so, 3nay possibly reduce the virtual distance ot our 
satellite to about 100 miles for visiuil purposes. It i.s cvuloiifc Ibnf. 
while with our tcloscopeg we should bo able to sec such objuots ns 
lakes, rivers, forests, and great cities, if they exist on the nuMHi, it 
will be hopeless to expect, to distinguish single buildings, ov any of 
the ordinary operations and indications of life, if such there aro. 

There aro a few mountains on the earth from wliicdi a range of 100 iiiili'H 
is obtained in the landscape* Those wlio liavo seen such a hmdscap (3 lcn(^^^' 
how little is to be made out witli the naked oyo at that <IiHtaaco, Still, tbt=» 
comparison is not quite fair, boeaiiso in looking at a torrcKtrial object a liiin- 
clred miles away the line of vision passes through a denHo atniosplioi’^i, wdiiln 
ih looking upward towards the moon it penetrates a much less IhiolciiCHs 
of air, 

266. The Moon's Surface Structure. —TJio moon's surface for tho 
moat part is extremely uneven and broken, far more so tlmn that of 
the earth. The struoturo, however, is not llko that of the oartU'n 
surface, On the earth the mountains are jnostly in long ranges j Hindi 
as the Alps, the Andes, and Himalayas. On the moon such nioiiu* 
tain ranges are few in number, though they exist; but tlio surfuco is 
pitted all over with great craters, res ambling very closely tlio vol- 
canic craters on the earth's surface, though on an immonsoly greater 
scale. One of the largest craters upon the earth, if not the largo.st, 
is the Aso San iu Japan, about seven miles across. Many of tliosi? 
oil the moon are fifty and sixty miles in diameter, and somo aro 
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over 100 miles across, while smaller ones from a Imlf-milo to eight 
or ten miles in cliamoter are counted by the thousand. 

The normal lunar crater is nearly circular, siirroiindecl by an elcv 
vatod ring of mountains 
which rise anywliere from 
1000 to 20,000 foot above 
the Hiirroundiug country. 

AVilliin the floor of the 
orator the surface may bo 
either above or below the 
outside level. Some cra- 
ters are deep, some filled 
nearly" to the brim. In 
some cases the surround- Kia. 8I. “ANonmiinnimrCmlci* (NaHinyUi). 
ing mountain ring is en- 
tirely absent, and the orator is a mere hole in the plain. In the 
centre of the crater tliero usually rises a group of peaks, which attain 
u])ont the same elevation as the encircling ring, and these central 
peaks often show little lioles or crutorlets in their summits, 

111 most ouses tlio resomblmiee of ilioso foniiiitions to It^rrostrial volcainc 
structures, like those exempli lied liy Viisuvius and othem in tlio suiTound- 
iiig region, malujs it mitimil to assumo tliiit tliey had a similar origin, 
'.riiis, however, is not absolutely certain, for tliero are coiiHideriddo dinioul- 
tioH in the way, especial ly in the case of the groat Bulwark Plains,” so culled, 
wldcli are so extensive that a person standing in the centre could not boo 
the summit of the surrounding ring at any point; and yet no lino of de- 
marcation can 1)0 drawn between thorn and the smaller craters, The sorios 
is continuous. Moreover, on Die earth, volcanoes nocassarily require the 
action of air and water, which do not now exist on the moon, It is obvious, 
tlierofore, that if these lunar craters aro the result of true voloanio eruptions, 
they must bo fossil formations; for it is quite certain that no evidence of 
existing volcanic activity has over been found. The mooidfi surface appears 
to bo absolutely quiescent — still in death. 

On some portions of the moon these craters stand very thickly. 
Older craters have been encroached upon, or more or loss eomplotely 
obliterated by the newer, and the whole surface is a chaos^ of whioli 
the counterpart is hardly to bo found on the earth, even in the rough- 
est portions of the Alps. This is especially the ease near tho moon's 
south polo. It is noticeablo that, as on the earth the newest inomi* 
tains are generally the highest, so on the moon the more newly 
formed craters are generally deeper and more preolpitous than the 
older ones. 
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306. Lunar Nomonolature. — 'i'lu) idiiins wen* enlloa hy 

Giililoo oceans or sous (vl/ttri’a) , uiul sonic of the snirtUcr oncH 
nmrshoB {Palucles) luul liilcoB, for ho supposod tliiit the grayhsh siir- 
fiiooB visihio to tho nnkod ami {loimpioiioUH in u Himill tcloscojio, 
wore covered with water. TIuih wo liavo tho ‘‘ Oceniius Prooellarnni, 
tho “Mure Iinbrium,” and a luimhor of other ‘‘ Hoan,” of which 



Mare Fecunclitatis,” “ Mare SerouitaliB,** and **Maro TmuquilitatlH,'' 
are tho most conspicuons. There are twelve of tliein in all, and 
eight or nine Paludos, Lacus, and Siniia. 

The ten mountain ranges on the moon are mostly named after 
terrestrial nioiiutains, as Caucasus^ Alps, Apennines, tliong'h two or 
three bear the names of astronomers, like Leibnitz, DdrfeL etc. 
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Tho coiiHiiiououB cvatei'B hoar the names of the more eminent anoicnt 
ami medicoval astronomers and philosophers, ns Plato, Arcliimedes, 
'I'ycho, Copernicus, Kepler, and Gassendi ; while hundreds of smaller 
and less conspicuous formations bear the names of more modern or 
IcBa no toe! nstvonoinci‘s. 

Tho Hystem Htioina to havo origmatea with Riecioli in 1050, but most of 
the iiumes Imvo been move recently assigned by the later map-makers, the 
most eminent of whom have been tho German astronomers Heer and Slaed- 
ior (wlio published their map in 1837), and Schmidt of Athens, wliose great 
map of moon, on a scale seven feet in diameter, was published by the 
I’l'iifisiau govevuiucut a few years ago, . It is not at all too much to say that 
tuir maps of tho cavtli’s surface do not, on tho whole, compare in fulness and 
uofiuracy with onr maps of tho moon. Of course this is not true of such 
countries us France and England, or others that have been trigonometricallv 
nuvveyod ; but there are no sncli lacume in our maps of the moon as exist in 
cnir juaps of Asia and Afriga, for instance. 

867, Other Lunar Formations,— The craters and moiiiitains are 
not tho only interosting for- 
nnitions on tho moon’s snv- 
r aco. Thorc arc m any (loop , 

, narrow, crooked valleys that 
by the name of rills” 

(German some of 

vvhioh in ay once have been 
watercourses. Thou there 
arc numerous clefts,” half 
11 mile or so wideband of im- 
known depth, running in 
some cases several hundred 
miles, straight through nioun- 
tnin and valley, without any 
apparent regard for the ac- 
oulents of the surface* 

They seem to be deep 
cracks in the crust of our 
Watellile. Several of them Cio.SR, — AvcliUnGdofl nnd llic Ajienulnca tNuann-lbJ. 
aresho\Yn in Fig. 8(), Alost 

curious and intevesting of all are the light-colored streaks or 
which radiate from certain of the craters, extending in some cases 
a distance of several liundred miles. They are usually from five to 
ten miles wide, and neither elevated nor depressed to any extent with 
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reference to the general siirfaco. They pass aciuss nionntuin iiiid 
valley, and sometimes througli craters witliont any chiinge in wulth 
or color. We do not know wlietlior they are like the so-called ‘‘ l-rfip- 
tlykes*' on the earth, — fissures wliicli liavo been filled np from 
with some light-colored material, — or wliotljor they ure morn HUr- 
face markings, No satisfactory explanation has over been given. 

The most remarkable system of ** rays ’'of this kind is thn one 
connected with the great crater Tycho, not very fur from the nuion’H 
south pole. They are not very conspicuous until within a few (layn 
of full moon, but at that time they, and the crater from wliicli III 17 
radiate, constitute by far the most striking feature of tbo wlioln liiiinr 
landscape, 


268. ^Changes on the Moon. — It is certain that there are no 

apicuoiu^ changes, Tlio ob- 
server has before him no 
such over- varying vision 
as ho would have in look- 
ing toward tbo earth, — 
no flying olonds, no allnr- 
natioiis of seasons with the 
transfonnatioji of the snowy 
wastes to green flolds, nor 
any coiLsidorablo apptu'imL 
movoinent of objects on tlio 
diso. Tho sun rises ou Unnn 
slowly ns they come one 
after the lithor to the ter- 
minator, and sets as slowly , 
At tho eaino time it i.s eon- 
fldently maintained by many 
observers that boro and tbo re 
changes arc still going an in 
tlio details of tho snrfiK^o. 
Others as stoutly dispute it. 

dimge* is Hmufuie ^ iuetimco o/ h,ic1, « 

--- 
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visiblo again, and tharo wove many voportod changes in its appeavaiico 
d living tlio next year or two. There is no question that it does not now at 
all agree in conspicuousnoss and size with the reprefjentation of Beer and 
Maedlcr, for it is at present, and has been for several yoars, only a niinnto 
dark spot, with a whitish spot surrouiidiug it. Astronomers would feel 
more confident that this was a case of real change wore it not that ftchroo- 
tiiv's earlier picture much inoro reseinbles the present appearance than does 
that of Boer and iMaedler, As tiic latter observers worked with rather a 
small telescope, and had no reason for taking any special i^ains in llio delin- 
eation of this particular object, the evh 
deuce is loss conclusive tlian it might 
seem at iirst. 'Jlio cliauge, however, if 
real, was certainly as great as in tlio 
instance of Krakaton, the groat volcano 
whoso eruption in 1883 filled the earth’s 
abmosphero with smoke and vapor for 
;nore than two years, and caused the 
“twilight conllagrations ” of the sky* 

The phononionon in the case of Liniid, 
if real, was probably a falling in of the 
walls of tlie orator, exposing fresh uu- 
weabliered surfaces. 

I'Jie reason why it is ho diOlcult to 
he sure of changes lies in tlio great 
variations in the appearance of a lunar object under tho varying illu- 
mination, To insure certainty in sucli delicate observations, comparisons 
must be made beUveen tlio appearance seen at procisidy tin*, aamo plmso of 
tho moon, wdth telescopes (and eyes too) of equal power; and under sub- 
stantially tlio same conditions otherwise, sucli as the hoiglit of tho moon 
above tho horizon, the clearness and steadiness of tlio air, etc. It is of 
cour,so very difficiilt to secure such identity of conditions, 

370. Measurements of Heights of Iiunar Mountains.— When tho 
terminator approaches a lunar mountain, tho top of tho mountain 
catches the sunlight first, and appears as a star entii'oly detached 
from the rest of the illuminated portion, lilco the little bright spots 
opposite a and h in Fig, 88, As time passes, the bright spot be- 
comes larger as the light extends lower down the mountain side, until 
the terminator reaches and passes it. 

If now we measure the apparent distance, AD or a, Fig'* 89, fl'oni the 
peak to the terminator at tho moment when it first appears liko a star, 
it is easy to compute and from this, tho height of tbe mountain. 

Tn Fig. 80 the angle ^S^CiVis very approximately the moou'.^i “elongation ” 
at the time of observation, sineo the line from tho earth to tlie sun is niuirly 



Vm. 8S. 



170 


THE MOON. 


parallel to S^C (the moon's distanco being only about of the sun’s). 
the angle 07^7?''=; GO^ — so that ABt or by — AD (nm) . .'lin 

S^CN". Knowing by and the radius of the moon r, we got 

(r+A)2 = rM-/A 

in which h is the height of the niomitaiii, and b is the distance AJi. Fimjm 
this equation we find 

ia 

h - Vr'^ ‘h h'^ — r, or (very nearly) /^ = J — * 

('i’his equation applies only to points wliicli are in tho same piano will* ib<* 
centres of the sun, moon, and earth.) 

If, for instance, b were GO miles, 

h (in miles) = — or 1.004 miles = 8845 feet. 

Since the terminator is very ragged, it is soinetimos best to ineusurii finuj 

the mountain topcleunuuM 
to tho edge of tlm nnnni, ‘ 
indicated by tho little arrow s 
in Fig. 88. Tho posilhai ^4 
tho theoretical teniiiiialio 
(tho terminator ns it wmiM 
bo if the moon ^vorc Ji Hnai'iMi 
sphere) is known frotii lb*- 
moon’s age, so tliut A it 
be deduced by iiumMurliijj 
from tho limb as w*dl *«.** 
from the terminator. 

The height of a lunmu- 
tain can also be imian- 
tained by measuring tln» 
length of its shadow in 
cases wdiere tbo Hliiuhnv 
(alls on a reasonably level surface. A few of the lunar niounlulnH 
reaoli the height of 22,000 or 23,000 feet, but there arc none wliUd* 
attain the elevation of tlie very highest terrestrial mountains. IleiglilH 
rnngiug from 10,000 to 20,000 feet are common, 

271. The Best Time to look at the Moon with a Telescope* — 
moon when full is not so satisfactory an object as when near tho half, 1^*- 
caiisQ at the full moon there are no shadows, so that at that time tho r<'U«*f *' 
of the surface Btriicturo is entirely lost, Certain features, however, an lnv< 
been before mentioned, are then best seen, as, for instance, tho strmdiH mi 
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rays, Gojiorally, any pavtioulnr mountain, crater, rill, or oloft, Is best atiuliccl 
when it is just on or very iioar the torniinatoi*, that is, at the time when the 
fill 11 is rifling or Bottiiig near it, l>ccanaG thon the shadowa ara longefit. I'ho 
boflt goneral view of the moon is tliat olihiinod a few days after tlie Iialf 
moon, wlion Co^xirniGus and '^Pyclio nro both near the tornilimtor, aiul Pinto 
is fitlll near on o ugh to it to sliow very well. 

272. Photographs of the Moon, — A great deal of attontion lias been 
paid to tills subject, and some fine results iiavo boon reached, Tlis earliest 
HuccGss >vns that of Bond in 1850, with tiio old dagiioprcoty[3Q process; then 
followed the work of Be la Hue in England, and of Dr. Henry Draper, and 
oflpoolaliy of Mr. llubhorfiird In tliis country. IlutliorfurcVs picturoB have 
mmnined absolntoly unrivalled until very recently. 

To tlioso olflor oxpori mentors the moon’s motion olTei'od a great dlflloulty, 
bub now that with tiio Honflitivo plates at prcfiont used, a fraction of a ficcoiid 
is a Buniolonfc exposure, that clifiloiilty hag dlflapixjarod, and the platofl which 
have recently been taken at Cambridge, Mass., are fnr in advance evoii of 
lliithorfnrd’H, filiowbig snob ovatorB ns Coponiious or Ptoloiny with a diam- 
eter of two inch 03 , on a Bcalo larger than ilint of Soliaildt's map, The Lick 
Obfiorvutory lina also taken up the work, and is making admirable picUivoa. 
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CHAPTER VIIT, 


THE SUN! DISTANCE AND DIMENSIONS. — MASS ANO DENHUPV, — 
ROTATION, — STUDY OP THE SURFACE ! GENEU AD VIICW.S AH 
TO THE sun's CONSTITUTION. — SUN SPOTS: TIIEIU AIMMOAH- 
ANCE, NATURE, D I ST 111 BUTTON, AND PERIODKnTY. ■ — -TTIE 
SPECTROSCOPE AND THE SOLAR SPECTRUM. — ► (IIXKMHLVI. 
ELEMENTS RECOGNIZED IN THE SUN. — THE Oil UOMOHP 1 1 EUlC 
AND PROMINENCES. — THE CORONA. 


273. Thk sun is simply a star; a hot, Belf-lumiiions globo of 
enormous magnitiido as compared with the earth iiiul tho inooiii 
though probably only of medium size among its stolbiv (TuiijJoerH, 
But to the earth and the other planets which circlo a round if;, it is 
the grandest of all physical objects. Its attraction condnos its 
planets to their orbits and controls tlieir motions, and its sup- 

ply the energy which maintains every form of activity upon tludr 
surfaces and makes them liabitablo. 


274. Its Distance and Dimensions. — Its distance m dotorndiuMl by 
finding its horizontal parallax; that is, tlm semUdiiunotor of tlin 
earth as seen from the sun. The mean value of this parallax is 
probably very near 8^'. 8,^ plus or minus 0'^0S. 

We reserve to a separate chapter the discussion of Uio inothodR by 
which this most fundanumtal and important of all astponomicul diitu 
has been ascertained, merely remarking here tliat the is one 

of extreme practical diflieulty, though the principle h involved urn 
simple enough. 

^ Assuming the parallax at S.'^S, the moan distance of the huh (put- 
ting r for the eartlfs radius) equals 

r-^sur8^8=^ 23,439 x n 


With Clarke's value of r (Art. Mr)), this gives 149,/)00000 ]ciloimil(M‘.s, 

‘ In the American Epliomeris tho value deiUiced by Newcomb In 1807 is used, v iz,, 
8 85. The British » Nanticnl Almanack ” uses tlie same value, anti tlio PronnU llu- 
value deduced by Leverrier a littio earlier, 8».80 ; but more recent observfttloim 
^em to show that this value is a littio too large, and that tho mnuboi. stuted, 

8 '.8. IS more probably correct. The dlffcrenoo is of no Importanco tor uhmmn- 
purposes, 
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or 92,897,000 mlloa ; which, how over, ia iin cor tain by at least 200,000 
niiloa, and is vuriahle^ also, to the extent of about tlireo million 
miles on account of the ecoontrloifcy of the earth’s orliit, tlic eartli 
being nearer the sun in Doecinbcr than in Juno. 

275. Tills distance is so mueli greater than any wltli wliich wo 
have to do on the earth that it ia possible to reaoli a cone option of it 
only by ilhistratloua of some sort. Perhaps the simplest is that 
drawn from tlio motion of a railway train. Such a train going 1000 
miles a day (nearly forty-two miles an hour, and faster than the 
Chicago TJmltod on the PoniiBylvanla Railroad) would take 2r)'lJ- 
years to make the journey. 

If sound wore transmitted through interplanetary space, and at the 
same rate as through onr own atinospliero, it would make the pas- 
sage ill about fourteen years; i.c,, an explosion on the sun would bo 
heai'tl by ns foiirtoon years after it actually occurred, A cannon- 
hall moving nnretarded, at the rate of 1700 feet per Hccond, would 
travel the distance in nine yoar.s. Light does it In 190 Hcconds. 



h'KJ, 00, — l>lmeualon» of Uio Sun compim?!! wUh Uiu iluuii’H Orlill. 


276. Diameter. — The sun’s mean apparent diameter is 82' 04" ± 
2". Since at the sun one second equals 450.30 iniloH, its diameter 
equals 860,500 miles, or 1 09 J- times the diameter of the earth. It 
Is quite possible that this diameter Is variable to the cxtoiit of a few 
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liimdred miles, since, as will appear hereafter, the ann (ut kniat the 
surface which we see) is iiofc solid. 

Representing the sun by a globe two feet in diiunelor, tlu? (Mirth 
woidcl be of an inch in diameter, — the size of a very sinall pen, 
or a “ 22-calibre'’ round i)ellet. Its distance from the aim on that 
scale would bo just about 220 feet, and, tlio nearest alar (ntill on the 
same scale) would he eight thoumnd miles aimyy at the antipodes. 

If we were to place the earth in the centre of tlio sun, suppoHiiig 
it to be hollowed out, the sun's surface would Im 40JJ,()0() iniloH u>vuy 
from ns. Since the distance of the moon is only about 200,000 
miles, it would be only a little more than half-way out from Un\ 
earth to the inner surface of the hollow globe, which would tluiH 
form a very good background for tlie study of the lunar motions. 


It is perhaps worth noticing, ns a help to inoinovy, that tlio huu’h diaiutslur 
exceeds tlie earth’s just about as many times us it is itsoip (jxcmjded hy Muj 
radius of the earth’s orbit ; or, in other words, the sun's diaimdm* is nearly a 
mean proportional between tlie eartli’s distance from tlui sun and the cur lids 
diameter, 110 being the common ratio. 


! 


27V. Surface and Volume. — Since tlie sm'faces of glolwH nro [ivo- 
portioual to the 8(juares of tlieir radii, the surfaco of the sun oxcctulH 
that of the earth in the ratio of (100.6)^ to 1 ; that is, its snrhicu Ih 
about 12,000 times the surface of tlm earth. 

The vohme.? of spheres are proportional to tlm cAibes of Lhoir luulii ; 
hence the is (109.r))S or 1,300000 times tlmt of the earth. 


278. The Suns Mass. ^ The mass of the sun is very 
hundred and thirly-tzoo thousand times that of the earth, subject to a 
piobable error of at least one per cent. There are various wnivh of 
getting at this result. For our purpose hero, perhaps the niost'cioii- 
venient is by comparing the eartli’s attraction for bodice at her surf atm 
(as determined by pendiiliini experiments) with the attraction of the 
sun fertile earth, — the central force which keeps her in lior orbit. 
Put/ for this force Onoasured, like gravity, by the velocity it gcjici- 
ates in one second), g for the force of gravity (32 foot 2 iiuiliOH 
per second), r the earth’s radius, R the sun’s distance, and lot Ji 
and aS be the masses of the earth and snn restioctivclv. Then Iiv 
tlie law of gravitation, wo have the proportion 


JJow, 


/■{/ 

R 


_S . 

R^‘ 



S^E 



23,4J0 (nearly). 


(«) 
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Its square equals 619,433,000, </ = 38G Inches. To find /wo have 
from Moohanics (Pliyeios, p. C2), 


/= 


F“ 


i&) 


Mh br.ing the expression for the central force ” in the case of a 
hotly revolving in a clrolo. (Wq may nogleot the cccoiitriolty of the 
earth's orbit in a merely approximate treatment of the pmblein^) 
V\h tho orbital velocity of the earth, whlcli is found by dividing the 
clKannfcrenoo of the orbit, 2 7 ri?, by T, tlio number of seconds in a 
sidereal year. This velocity comes out 18.496 miles per second. 
Putting this Into formula (6), wo get/= 0.2833 inches, 


HO that 

whence 


i = 0.0000044 = -i- (nearly) ; 
g 1064 

S = Ey. — -i— X 649,438,000 ; or S equals 832,000. 
] 664 


AVo may note in passing that half of/ expresses the distance by 
wlilch the eai'tli falU towards the sun every second, Just as half g is 
tho distance a body at tho earth’s surface falls in a second. This 
quantity (0.110 inch), a trifle more than a ninth of an inch, Is the 
amount by whlcli tho earth’s orbit deviatos from a straight line in a 
Boeond, In travelling eighteen and one-half miles the deflection is 
only one-ninth of an inoh. 

Q _ 7? f 

278*. Hy substituting for V In equation (h), wo get 
J Jig » 


and putting this yaliin of /into (Kinatlon (a) and rediioing, we obtain 


or, sin CO 




1 

r m\p 


(p being Uio Binds horizontal parallax), wo have finally 


S^E 



(0) 




It will bo noticod that in this oxpreBsion tlio cuhe of tho parallax appeal’s, 
and this ia tho ronsoii why an iiiioortniuty of one per cent in p involves an 
uncortaiiity of tliree per cent in 5. 
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Jn obtaining the mass of the sim it will bo scon tluU wo reqim-c m 
data, T, the length of the sklorciil year in sooniuls ; the valius ol 
gravity, cj (which is derived from pendulnm oxporinumtH) ; tlu; mdHm 
of Ihe earth, r (dediioed from geodetic survcy.s) ; and lliially (nint 
molt diflicnlt to get), the sun’s parallax,!), or else, what comes to 

. T 

the same thing, the ratio — • » 


279. The Sun’s Density. — This density ' as eomparod rvith that of 
tl^e eaith is found by simply tllviding its muss by its yoUmie {both us 
compared with the eartli) ; tliat is, it cfiuals the fraction 


332 000 
1300 000 


0 . 233 , 


a little more thau a quarter of the earth's density# To got its 
specific (jvavity^^ (j.e*, density as compared with water)s wo inusl 
multiply this 3.38, the earth's mean specific gravity* IhiH gives 
1.41 ; that is, the sun^s wan density in myt iinieH that oj 
a most significant result as bearing on its physical cmulition. 


280. Superficial Gravity. — This is found by dividing its nia«H by 
the square of its radius ; that is, 

332 OOP 
( 100 ^)^’ 

which equals 27.0. A body weighing one pound on tho earth's aiir- 
face would there weigh 27.0 lbs. A body would fall 444 foot in n 
second, instead of sixteen feet, as here. 

281, The Sun's Rotation. — ’The sun’s surface often shows «pc>tH 
upon it, which pass across the disc from oast to west. ThOHO 
evidently attached to its surface, and not bodies circling around the 
sun at a distance above it, as was imagined by some early aetroiKi- 
mers, because, as Galileo early demonstrated, they (jontiuuo in night 
just as long as the time during wliicli they are invisible ; whloli would 
not be the case if they were at any considerable elevation, 


^TIic' (iGterm illation of the sun’s density does not nccesmrily involve its parnllaji. 
Put p for the sun’s radius, and Ds for its density: also lot J)e bo tlie earth's iimnn 

density. Substitute in equation (c), and we have V' 

(x'\{Ry (p\ ' V/A^-/ 

wlience D$=^J)e \^/ \7/ ' \r) ^ heing the sun’s (angular) avini- 

diniiieter, .lienee, finally, iPs — jOe (M — - — . 

V// sm^3 
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Period of Rotation. — Tho tivcrago time ocoupicd by a spot iu pnsa- 
Ing lU'oiiiicl the aim uiul returning to tlio same position again is 27.25 
clays, — average beoauBO clilTerent spots show consklorablQ cliffcroacoB 
in tliia respect. This interval, liowever, is not tlio true time of jplar 
rotation, but tlio synodie^ sinco tho earth nclvanccB in tlic intcrvfl of 
a revolution so that the Biin has to turn on its axis a little farther each 
time to bring the spot ngaiir'Mnto conjunction witli the cartii. The 
equation by which tho truo period is clocliiced from tho synodic Is tho 
same as in tho caBO of the moon (Art. 232), viz. : 

1-1 = 1 
T B s' 


T being tlie true period of tim sun’s rotation, E the loiigth of tho 
year, and S tho observed synodio rotation ; 


wlionco 


1 I 1 

T 27.25 305.25’ 


widcli gives y=25‘h35, Differont observers get slightly difl'crout 
results. Carrington Onds 25‘*,38 ; Spoorcr, 25'h23. 


282. Position of the Sun’s Axis. — On watching tlie spots with 
care as they oroas tho disc, It appears that tlioy usually dcHciibo patlir 
inoro or less oval, showing timt the sun’s axis \h inclined to tho 
ecliptic. Twice a year, liowevor, the paths become straight, at tho 
times when tho earth is in tho plane of tho sun’s rotation, These 
dates arc about Juno 3 and Deo. 5. 

Tho ascend lug node of the Bim's equator is in colcfltial longitiulo 78® 40' 
(CarHngton), and tlio inolination of its ^equator to the piano of tlio eollpfcio 
is 7° 15'. Its inclination to tlio piano of tho terrestrial equator is 20® 25'. 
Tho position of tho point in tho sky towards which tlio sun’s polo is directed 
is iu right aaconaion 18^ dd*", declination + 04®, almost oxnotly half-way 
between the bright star a Lyroc and the Pole Star. 

283, Peculiar Law of the Sun’s Rotation, — Equatorial Accelera- 
iion. Tho earth rotates as a lohole^ every point on its s nr face making 
ite diurnal revolution in tlio saino tlmo; so also with tlic moon and 
with the planet Mara. Of course it ia necessarily so with any Holid 
globe. But this ia not the cnao with the sun. It was noticed quite 
early that tho difforont spots give dllforont rosnlts for the rotation 
period, hut the researcliea of Carrington about thirty years ago Hrst 
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Iiroiight out the fact that the differences follow a regnlai- law, Hliowing 
that at the solar e(|uator the tune of rotation is loss tlian oii cither 
side of it. Thus spots near the sun’s equator giro T = Sfi dayti ; at 
Bolsit latitude 20% 2'=2S.7o days; at solar latitude 7'= 20.0 
days; at solar latitude 'JO , 2’=: 27 days. The time of rotation in 
Intitiule 40” is fully two days longer than at the solar eqimtor; liiib we 
are unable to follow tlio law further towards the polus» beeiuiHC Ihu 
spots are rarely found beyond the parallels of 'Jo* on eaidi side of the 
equator, and there are no well-doilned markings botwoon this })oinl 
and the poles by whlcli we can accurately determine tlio. motion. 


284, Various fovimilas have been proposed to represent this law of rota. 

non. Carrington gives for the daily motion of n spot Z = 805 ' — IQu' xhiii If 
i being the solar Intitiule of the spot. Faye, from tlio sumo olworvations, con* 
V ji'stidcatiou, duduced 

o ” «*« Observations. 

Still other forraulra have boon deduced by Spoorer, Zblluer, and TiHsorand, 
ail giving substantially the same results. 


The law, in any case, is simply empirfcfd; that is, it is dcdiicud from 

le observations, without being based- upon any satlsfiustory plivnii-iil 
explauation, for no such explanation of this strange eqimtorial Innad- 

1 S r' it 1ms its crigiir sonudunv in 

^ the outpour of lieat from tiio muii’s siirnum ; 
fi d , just how such-a result should follow iu the caso of a o<K>linu 


at that olevadou runuiinod 

rotation due to tlmfc elevstiL j? I, » ‘^'' 7 “ «■ velocity of 

the spots had tluis fallen froe'i ^ ® tliat if the matter forudug 

aoooimt for theii a™, ae T it would 

apparent eastward moUon fust^nTdob” 
the summit of a tower (Art. 1381 ' Fmn f r 

i''gtoiuq«iroivhethei.ti,eit;J,“^ 

as the "granules,” to be spokeii of very soon^do surface, such 

e veiy soon, do, or do not, possess the ain„o 
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nito ol luofcloi) riH the spotR. 'I’lioro ia no cIocIrIvo obflorvntionnl ^ evidence at 
present tliab tlioy do not. But tho subject is an extremely difficult one ; and 
yet important, bccanao the solution of tlio problem of tho sun’s equatoHal 
uofloloration will probably throw nnioh light uiion its 1 * 00 ! constitution, 

# 

286, The Phenomena of the Sun^s Siirfaoe. — In order to study 
tho Bill! with Llic telescope it Is iiecossary to bo provided with some 
special forms of apparatus. Its heat 
and light arc bo intcnBC that it is 
ImpoBsiblo to look directly at it, as 
wo do at tho moon. A very 00 n- 
veniont jnctlmd of exhibiting the sim 
to a numb or of pov.souB at onco is sim- 
ply to attiich to tho tolescopo a B’ame 
carrying a sore on of white paper at a 
distance of a foot or moro from the 
cyo-picco, as shown in Fig, 01. On Fm. Ol.-TeloAcopo and 
pointing tho instrumont to the sun and 

pi’opcrly adjusting tho focus, a distinct image is formed on the 
Hcrocn, which shows tho main foalures very fairly. It is, however, 
imicli more satisfactory to look at lb directly, with a proper eye- 
piece. With a small toloHco[)C, not more than two and a half or 
tlu’CG inches In diameter, a mere dark glass between the eye-plecc and 
tliG oyo can bo used, but this dark glass soon becomes very hot, and 
is apt to crack, With larger instruments, It is necessary to use 
eyo-[noces ospccially designed for tim purpose and known as soluv 
p.ye-piecea or halioBCopes* 

The simplest of t))om, and a very good ono for ordinary purposes, is one 
known as riorechel's, in which tlio sun’e rays arc reflected at right angles by a 
piano of unailvered glass (Fig. 02). This reflector is made either of a prismatic 
form or concave, in order that tho reflection from tho back surface may not 



1 Mr, Crow has recently made at BnUlmoro, under the direction of ProfesBor 
Rowlnml, an extoiislvo acrlos of obaorvatloiiB upon tlio dlaplaccmciit of the lines 
of tho spectrum at tho oaBtorn and wostorn limbs of the sun. Tbia (llaplRcenient, 
wldcb is very slight, is duo, according to Doppler's principle (Art, 821), to the 
rotation of the sun; and Mv, Crow’s rosults, so far na they can bo considered 
iIcclBivo, go to show that tho absorbing layer of gases by which the Fraunhofer 
lines are formed (hes not bohavo llko the sun spotB, but Is slightly retarded at tho 
buu'b equator, Tlio obsorvalloiia are so delicate, however, that the concliialoii, 
though made very probable, can hardly bo conaldcred to be absolutely proved 
beyond question. 
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interfere with that from the front. About uine-t(?utlifl of tlio light 

thvougii thi« roHector, and is allowed to pans 
out ujjolessly tliroiigh tho open end of tl»o 
tube, Tho reiiuiiiiing tenth is sout ilirougli 
the eye-piece, and though still too 
for the eye to endure, it recpiirofl only u 
comparatively thin shade of neutral-tinted 
glass to reduce it siiniciently, and in tliis 
case tho shade does not bficomo nncmnfort* 
ably lioatod, It la well to liave tiio si mile - 
glass made wedgevshapod, — thinner at ono 
end than at the oilier — so that om (uui 
choose tho particular tliiolcnoHs wliieli is 
best adapted to tho magnifying pf>^Y^n’ 
employed. 



Flo» 92, — UorBchol EyD«pieco, 


287, The polarizing eye-pieces are still bettor when 'well made. In 
these the light is reflected twice at plane surfaces of glass at the “ iinglo nf 
polarization” (Physics, p, 480), and is then received on a second pair 
of reflectors of black glass, When 
the upper pair of reflectors is in either i 


of the two positions .shown in Fig, 93, 
a strong beam of light is received at 
Cf — too strong for the ayG to bear^ 
although more than ninety per cent 
of it has already been rejected; but 
by simply turning the box which 
carries the upper reflectors onc-quar- 
ter of a revolution aroiiud tho line 
BB^ as an axis, tlie light may be 
wholly extinguished ; and any desired 
padatiou maybe obtained by sotting 
it at the proper angle, without the 
use of a shade-glass, 

288. It may be asked why it 
will not answer merely to cap ” 
the object-glass, and so cut off 
part of the light, instead of re- 
jecting it after it has oiiee been 
allowed to enter the telescope. It 
is because of the fact, mentioned 



In,,. , xxiuiuiu ‘to, UIUL u\Q smallor tl 
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ftpcrtiiro, thoi'ct'oro^ is to siiurUlco tho dGlliiltioii of delicate de tails. 
With ii low powei* there Is no objection to reducing the amount of 
heat admitted into tho telescope tube in that way, but with the hlgber 
powora tho whole aj)ortiu’e should always bo naed* 

280, Photography. — In tho study of tho sun's surface photog- 
raphy Is for some purposes very advantageous and much used. Tim 
iiKstruniont must hiivo a special object-glass (Article 42), with an appa- 
ratus for tho (pilck exi>osuro of plates. Such instruments arc called 
photo- heliographs, and with tlicin photographs of tho sun arc made daily 
at unmoioiia observatories. Tlio ncccssavy o.vposiiro varies from 
to of a second, In dllToreiit cases, Tho pictures made by Ihoso 
iiiHtrumonta are nBually from two Inches up to eight or ten iiicheB in 
diameter, and some of Janssen’s, made at Moiulou, bear enlarging 
iij) U) forty Inclios in diameter, Photographs have the advantage of 
freedoin h'om projucllcc uud propoHsesfllon on the part of tlio ob- 
server; but tliey take no advantage of th6 inslante of fiuo seeing. 
They rcprcBout tlio surface as it happened to be at tlio moment 
when tlio plate was uncovered. 

200. 'I'liQ Hhuly of the sun has Ihhjoiiig so i?iiix>rtant from a soiGiitific 
[joint of view that soveral ohsorvatorka have recently been established 
mainly for that purposo, Ihongli most of the in coniiocb wiili it that of otlier 
topics in aHtronuniioal pliysica. The two most Important of tlicso solnr or 
iistinj-phynical obsorvatorios, avo Uio observatory at Moudon and tho so-cnllccl 

Sonnonwarto" at Pot-sdaiii. Thovo onglit to be ono in this oouiitry, , 

201, General Views. — Before passing to a dlsciissioii of the 
dot nils of the dllteroiit aolur phenomena, it will be well to give u 
Yory brief su min ary of tho objects and topics to he considered, 

1. 'The 2 fholOitpkere ; i,e., the Imiiliiona surface of tho sun directly 
vlslhlo to our toleacopea. It Is probably a Bheob of licminous clouch 
formed by condonsntlon into little drops and crystals (lllco the water- 
drops and loo- crystals in our terrestrial cloud b) of cor tain suhstaiiees 
which witlnu the central mass of tho sun exist in a gaseous form, 
but ftio cooled at Its surface below tho tcraporatnre necessary for 
tbolr oondcusatlon j porlmps siioli siibstaucea as carbon, boron, and 
silicon* The gTiiiuilcs, faouhe, and spots arc all plienomcun in this 
photosphero, 

2, Tho so-called ** reveriting layer ’* Is a stratum of unknosvn thick- 
ness, but probably ah allow, just above the photosphere, containing 
tho vaiK)i'8 of many of tlio famllhir terrestrial elements ; of which 
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tlio presence, and to some extent their physical condition, can bo tn*' 
vestigated by means of the spectroscope, 

3, Above the photosphere, iiitorpoiietrating the atmosplicro of 

vapors just spolcen of, 
and perhaps indistingulsli- 
ablo from il, is an cn velo[)u 
of gases ; Itait 

is, gases which, under lbi‘ 
solar conditious, cannot 
bo condensed into cIouiIh 
of solid or liquid parti- 
cles, Among them hydro- 
gen is moat oonspicuons. 
This envelope is tlio so- 
called Ohromof^phm; and 
from it the promimnven 
of various kinds rise, 
sometimes to the height 
of liundreds of thoiisaiuls 
of miles. Tliesc beauti- 
ful objects are best seen 
at total eclipses of the 
sun, but to a certain ox- 
tent they can also bo stud- 
ied at any time by tlic 
help of a 8pectroscoi)C, 

4. Higher yet rises tlin 
mysterious C''om?ia, of Ilia- 
ConstlUitlonof tlio Sun. From “ Tho Sun," by iiomilsslon teilal Still Icssdensepuid HO 

of the pubnsiiora, far observablo only diiri ng 

total eclipses of tho snn. 

Fig, 94 shows the relative positions of tliese xlifforent elements of 
the solar constitution, 

5. A fifth subject deals with the measurement of the sun^s Ikfht 
and the relative brightness of different parts of the solar surface, 

6, Another most interesting and important topic relates to the 
amount of heat radiated by the sun,- — the sun’s probable tempera- 
ture and the mechanism by which its heat-supply is maintained, 

292. The Photosphere, — The sun’s visible surface is called tho 
photosphere^ and when studied under favorable atmospheric condi- 
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tioiia, with rntlior a low iiiagnilying }>(>wei’, it looks like roiigli draw- 
iiig-papoi’. AYith* higluu’ powers it is seen to be, as shown iu 
Fig, hh, iniido up of a comparatively darkish ])n(5kground sprinkled 
over witli grains, or “ nodules,** as Ilersehel called them, of some- 
thing much more brilliant, — like siiowllakes on gray cloth, ueeordliig 
to Langley. Those arc from 100 to COO miles ncross, and in the 
finest seeing arc Ihcmsclvcss resolved into move minntc ghiniiles,” 
For the most part, these nodules are about as broad as they arc long, 



jri«, or>, 

The Groat Hun Bpot of Boiiloiiibor, IHTO, and ilio Sli’iioturo of Uiu PhoUmpliovo, Prom n Iinuvluq 
by ProfoBbor LiiiiKloy, From ‘*Tlii» DTow AHlrorioniy," by |ieniilBBloii of llio PubliHhi'iu. 

though of irregular form ; but hero and there, cspeelinlly hi the 
neighborhood of the spots, tliey arc dra^vn out into long streaks. 
Nasmytii soemH first to have observed this struelure, and called the 
filaments willow loaves.” Soeehi called them rice grains.^* 
According to Huggins they were ‘‘dots” ; and there was for a lojig 
time a pretty lively controversy as to tliolr true Ibrni. Tlicir shape , 
however, unquestionably varies very much in different parts of tbo 
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surface and under different circumstances. They arc probably lumi* 
nous clouds floating in a less luminous atiuosphoro. 

Near the edge the photosphere appears generally much loss brill- 
innt; but certain bright streaks called ^‘ racuUu^^ (from /ary, a 
torch), which though visible are not very obvious at points further 
from the limb, become there conspicuous. These faculra are eleva- 
tions, —masses of the same material as the rest of the pjiotosphcrc, 
but elevated 'above the general level and intensified in brightness. 
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Fi«. OO. — Faenla) at Edge of tho Sun, (Do T.a Kuo.) 


When one of them passes off the edge of the sun, it is sometimes 
soon as a little projection, They arc most abundant near the sun- 
spots, and tlicy are more conspicuous near the edge of the disc, as 
shown in Fig, 96, because the sun*s surface is overlaid by a gaseous 
atmosphere which absorbs more of the light tlierc than it does near 
the centre, and these faculm push up througii it like nioinitains. 

293. The Sun Spots. — Whenever those arc present upon the suu*e 
surface, they are the most conspicuous objects to bo seen upon it. 
The appearance of a normal sun spot, Fig. 97, fully formed and not 
yet beginning to break up, is that of a dark central iiiore 

or less nearly circular, with a fringing penumbra^** composed of 
filaments directed radially. The umbra itself is not uniformly dark 
throughout, but is overlaid with filmy clouds which require a good 
telescope and helioscope to make them visible, f’^snally, also, in the 
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umbra thoro aro sovoral voiind tincl very black spots, which are somo- 
tiniGs ciiUgcI nxicUoU^*^ but are often rofcrrecl to aa Dawes’ 
boles,” after the name of their first discoverer. But while this ia the 
appearance of what may be taken as a normal spot, very few aro 
strictly normal, Most of them are more or less irregular in form* 
They are often gathered ingroups with a common penumbra, and 
partly covered by brilliant hvkhjeH ” cxtondhig across from the out- 
side photosphere. Often the umbra is out of the centre of the pc- 
n umbra, or has a penumbra only on one side, and the pcimmbral 



Pwi, 07. — A NormnI Sun Spot. (Seoohl j uiodlflod,) 


filaments, Instead of being strictly radial, are frccpiently distorted in 
every concoivnblo way. In fact, the normal spots form a very small 
proportion of the whole number, 

The darkest portions of the umbra are dark only by contrast, 
riiotomotric observations (by Langley) show that even the nucleus 
gives at least one per cent as niuoh light as a corresponding area 
of the photosphere ; that is to say, aa we shall see hereafter, the 
darkest portion of a sun spot is brighter than a caloium light, 

294, The spots are unquestionably cmitidH or depvessionB in the 
photosphere, filled with gases and vapors which are cooler than the 
surrounding portions, and therefore absorb a considerable propor- 
tion of, light. The fact that they are cmiiiQB is shown by the change 
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in the appearance of a spot as it appro aeluJH (ilie of the dine. 

When a normal spot is near the centre o( the disc, the Jiuol(»iis Ih 
nearly central. As it approaches the edge, the peminibi'ii htuioniOM 
wider on the outer edge and narrower on the inner, an<l just hcftin? 
the spot disappears around the limb of the sun, the pcniiinbra oi\ IIh*- 
inner edge entirel}^ disappears, — the appearance boii^g“ predsoly 
such as would bo shown by a sauccr-shaped cavity in the tturfucc 
of a globe, the bottom of the cavity being piiititod bhiok to repn;* 
sent the umbra, and the sloping sides gray for tlie peiuiml)r!i. 

98 represents the pbenomeiui in a scshoiiiatio wuy» ObHorvutioiiH 
upon a single spot would hardly bo suillciciit to su))stantiuLe thi»s, 



Fio, 08 , — Sun Sputfl iiH (JiivUioB, 


because the spots are so irregular in their form ; but by obnervin^j^ 
the behavior of several hundred of tliem the trntli conic h out <iuilc 
clearly. Occasionally, when a very large spot pussos off tlie huii'h 
limb, tijG depression can be seen with the telescope. 

The fact was first discovered by AVilson of Glasgow ho moth lug 
more than a hundred j^ears ago. Previously it liiid very commonly 
been supposed that the spots were elevated above the gonoral Hiirfnco 
of the sun, and the idea still survives in certain qiiurters, thoiigli cur- 
tainly incorrect. 

296. Thepemm6m is usually composod of thateli-HtmwB/' or 
long drawn-out granules of photospherie mutter, whicli, na IniH )KU>n 
said, converge in a general way towards the contro of the Hpot. Aii 
the inner edge the penumbra, from the convergence of thoHo fihinienlH^ 
is usually brighter than the outer. The inner endB of the lihiiiihnlH 
aie generally club -formed ; but sometimes tlioy are drawn out into 
fine points, which seem to curve downward into the umbra like Lho 
rushes over a pool of water. The outer edge of the pcmimbm 1 b 
UB iially pretty definite, and the penumbra there is darker. Aroiiinl 
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tho spot tho plioLoBpliciT is mucli disturbotl iuu\ olovated Into fnculco, 
which aoinGtlmoB riuliuto outward from tlic spot iiko ati-criuis of 
liivfi froiu a crater, tliongh, of coui'bq, they live really noUUng of tho 
sort. 

296. Dimensions of Sun Spots. — ‘The diameter of the umbra of 
a ftim spot ruugos all tlio way from GOO to 1000 miles in Llio ease of 
nn'ory small one, to 60,000 or 00,000 miles in the ciiHc of the Ir.i'ger 
ones. Tlic penumbra surroinuUng a group of simta is aoinoUmcH 
160,000 miles across, though tliat \Yonld be vathcr m oxcopfcloiml 
size. Not infrequently snn spots are large enough to bo scon by tho 
naked eye, and they have been often so bqou at Bunsefc or tlivough a 
fog. The depth by which the umbra ia dopresflocl below tho general 
aurfaoQ of tlio pliotosphcre is very dinieiilt to determine, but accord- 
ing to Fnyo, Carrington, and others, It aeklom oxceods 2600 miles, 
and more often ia between 600 iind 1600, « 

207. Development and Changes of Foi'm. — Generally the origin 
of a smi spot fails to be observed, It begins from an inscnRiblc 
point, and vapidly grows larger, the pcuumbva UBunlly appearing 
only afier the nucleus is fairly developed. 

If the disturbance which can bob the spot is violent, Iho spot usually 
breaks up Into several fragments, and these again into others whieb 
' tend to separate frojn each other, At each now cllsturbanco the for- 
waid portions of tlie group show a tendency to advance eastward 
on tho sun’s surface, leaving behind them a trail of smallor spots. 

208. The '^segmentation " of a spot, as Faye calls it, ia iiBimlly oiTectod 
by the formation of a “ bvldgo,” or atroak of brilliant light, wldcli projects 
itself across tho ponmnbra and umbra from blio outaido plioLosphoro, Thew) 
bddgea arc inoro cxtciiBiona of tlie aurrouuding faoulco, and aro often in- 
tensely bviglit. 

Oocasioiially a spot shows a diBtincb oy clonic motion, fclio ill amenta bohig 
drasYii inward spirally; and in cllffcroit inoinbore oE tho saiuo group of spots 
tlio oyclonlo inotioiiB are not sokloin in opposite divootlons. 

AVhen a spot at last vaiilslies it ia usually by tho rapid oncroachmont of 
the 'photosphorlo matter, which, as Secohi exprcasca it, appears to “ fall poll- 
moU into tho oavity,” completely burying it and loavhig ite place covorod 
by a group of faoulro. l^iga. 00-104 (see page 201) show the changes which 
took place in the great spot of September, 1870. They are from pliotographs 
by Mr, Rutberfurd of Now York, and aro borrowed from " Tho Now Astron- 
omy of ProfoBBOr Langley, through the oouitesy of his publishei's. 
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290, Spots within 15*^ or 20® of the sun’s equator generally, cm 
the whole, drift a little lowarcU it, while those in higher lalitinlrH 
drift it ; but the motion is slight, unci oxtH^ptioiiH iiro IVo* 

queut. 

In and around the spot itself the motion is usually inxoard lownnffi 
the centre^ and cloionwcml at the centre. Not infrcMitJcntly tins frag- 
nients at the inner end of the pciuiinbral filanientH ui>|>uar U> draw 
off, move towards the centre of the spot, and then doHoend. Orcni- 
aioually, though seldom, the motion is vigorous enongli to be dctcotc'd 
by the displacement of lines in the spectrum. 

300, Duration. — The duration of the spots is very various, buU 
astronomically speaking, they are always short-lived phonoiiunm, 
sometimes lasting for only a few days, more frequently, perliapH, for 
a month or two. In a single instance, a spot luia boon ol)Hin'\'ml 

^through as many as eighteen successive revolutions of the huh. 

301. Distribution, — It is a signilicant faot that tlio spots are (uiii- 
fined mostly to two zones of the sun’s surface betwoon and of 
latitude north and south. A few arc found near tlio equator, iioiin 



beyond the latitude of 45®. Fig, 105 shows the distribution of nnv- 
eral thousand spots as observed by Carrington and Spcirer. 

Occasionally, what Troiivelot calls ^Weiled spots’’ are seen Imyond 
the 45* Umits— grayish patches siin-ouncled by faciite, %vlnch look iih 
It a dark mass were submerged below the surface unci dimly booh 
through a semi-transparent medium. 
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302. Tlieories as to the Nature of the Spots. — ^YQ first mention 
(a) the theory of Sir Wlllara Ilorschel, bceiuiBo It still finds place 
ill certain tcxt-boolce, though cortainly IncorreaL His bollof was 
that the spots wore openings tliroiigh two luinlnous strata, which ho 
supposed to surround the central globe of the siiii. Tills globe ho 
Buppoaed to ho dark (and (^ven ludnlahle !) . The outer stratum, tlio 
photosphci'o, ivas the brighter of the two, and tho opening in it the 
larger, wliilo the inner shell between it and the solid globe was of less 
luminous substauae, and formed the poiuinibra. Ho tliought the open- 
ing tlirongh these might be caiiacd by volcanoes on the globe beneath, 

303. {h) Another theory, now abandoned, was proposed iiulo- 
pendontly both by Sccohi and Faye about 1868. Tlic}' Biipposod that 
tiio spots wore openings in the photosphere caused by the burstiJig 
outward of the iinprlsoiiod gases imdernoatli it ; the photosphere at 
that time being supposed to be liquid. 

'I’lioy explained the (larknoHS of the contro of the spot by tlio fact that a 
lioatod gas at a given temi)erafcurG has a lower radiating power and fioiids 
out much loss light t^an a liquid Rurfnee^ nr than clouds for mod by bho con- 
donaaiiou of fclio aamo material at even a lower torn [w rat iiro, This is true 
of gasoH at low prosBiiTO, but not of gases under groat ooiupression, Hiioli as 
must be tlm case within the body of tho sun. besides, if tlio gases possessed 
the Huiall radiating power necessary to this theory, they would also possosa 
small absorbing power, and fchoroforo would he transparent; the inner side of 
tho photosphere on tho opposite side of tho sun would there Fore lie visible 
through tlio opening, so that tho ooiiti'o of suoli an oniptioii would nob l>o 
blit, if anything, bvJglitor than tlio gonoml solar aurface. Mo)*eovor, os 
wo now know from tho spootroscopio ovi douce, the motion at tho ceiitm of a 
spot is imoard^ not ouUoard. 

304. (c) Faye more roocntly has proposed and now maintains a 
theory whicli has niimcrons good points about it, and la accepted by 
many, vlx,. : tlmt tho spots are analogous to storms on tlio onrtli, being 
oifchmm^ duo to tho fact tlmt the portions of the Bun’s surface near 
lliG equator malce tholr I'cvoliition in a shorter time than those in 
higher latitudes* This cauBOS a relative drift in luljacout portions of ■ 
the photoHjihore, and according to him gives rise to voyUqqh or whirU 
l)ools like those In swiftly running water. The theory explains tho 
distribution of the spots (which abound prooiHCily in the regions 
where this relative drift is at the maxi mum) and many other facts, 
snob as tholr sogmontatlon.^* According to it, however, oil spots 
aim 11 Id bo cyclonic, and tho spiral motion of all tlic spots In the 
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soutliern hemisphere slioukl be clock-wise, while in Llio iioi'tlinrii li<niii> 
sphere they should bo countev-clock-whe. Now, tia ti iniilter fd’ fnot, 
only a very few of the spots sliow such spiral imitkniH, and thcu'o is 
no such agreement in the general direction of the motion us the 
theory recjuires. 

Faye attempts to account for this by saying that we <1<i not see tiio vori<^x 
itself, hut only the cloud of cooler materials which is drawn together by 
tlio down-rushing vortex, itself hidden beneath this clonil. Still, it wmilll 
seem that in such a case the cloud itself should gyruii). hbu'eovor, the 
relative drift of tlio adjacent portions of tho photos]iluiro is too stnnll In 
account for the plionomena satisfactorily. In tho solar Intitudn of ao® ( wn 
points separated by 1' of the snu’s surface (123 miles) have u rulati\'<) tluity 
drift of only about four and ono-sixth miles, insuIRciont to produeo iiiiy .hch- 
sible whirling. 


305. (d) Seochi’s later theory. Ho supposed tlie spots to bo tlin! 
to eruptions from the inner portions of the aim’s surface, not in Um 
spot, however, but only near it; the spot itself being fovmod bv 
the settling down upon the photosphere of materiulH thrown out hy 
the eruption and cooled by tlioir expansion an(y;lioir motion tlirougb 
the upper regions. Wo have, however, In fact, as a usual thing, not 
a single eruption, Imt a ring of eruptions all avoniKl eVory largo Hjiot, 
all of them converging their bombardment, so to .speak, niion llio 
same centre, — a fact very difllcult to explain if tlio spot origi- 
nates m the eruption, but not difflcult to understand if the eruption!** 
are the result of the spot. 

Pei haps the tine explanation may be tliat wlion an eruption oeeiii's 
at any point, the photosphere somewhere in the noighhorhood sotlkn 
(own m consequence of the diminution of the prasswre heuealh, tlmn 
forming a ^inlcf’ so to speak, which is of coiirso covered l.y ii 
gieater depth of cooler vapors above, and so looks dark. 

306. (e) Mr. Loekyer, in his recent work on the diemistiT of tim 

aiTed bv tT f “p 7’ by Sir John IIcr.s;L-l ,m<l 

accepted by the late Professor Peirce, that tlie spots arc not formed 

-mate 47 n descending from above, 

tile d" Sbiit on S r ««« 

be .oeoeuMl ““ <“!"«» 
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suu spots avo olosoly assooiatctl with eruptions from beneath ; but 
Which la cauflo anti which effect, or whetlior both are duo to some 
external action, remains iindetormined, 

307. Periodicity of Sun Spots. — In 181)1 Sclwnbo of Dessau, by 
the comparison of an ox tensive aorica of observations running over 
nearly tliirty years, showed that tlio aim spots are pertodic^ being at 
times vastly more numerous than at others, with a rongliiy regular 
rccurrenco every ton or cloven years. This had l>Gon BiirmlHcd 
by Horrebow more than a century before, thoiigli not proved. 



Subsequent study AiUy confirms this romarkablo result of Schwabo. 
Wolf of Zurich has collected all the obeorvations disoovorablo and 
finds a pretty oomplete record back to 1610. From these records Is 
construe ted the annexed diagram, Fig. 100. The ordinates of the 
carve represent what Wolf calls his relative ii umbers,*’ ^ which he 
lias adopted as re pro son ting the spot ted ness. 


1 Tills " relative number'’ la formed in rather an arbitrary manner from the 
obaorvatlonB wliieh Wolf hunted up iib the basiB of bis Investigation. The 
formula Is, r (tbc rolativo ninnbor) ^==1* (10 i/+/), in whleb g la tbo niimbor ^ 
of groups and isolated spots observed, / the total niimbor of Rpots whlcli can 
bo counted In tboso groupa and ahigly, wlillo ;t; Is a coofllclcnb wblcl) doponds 
upon tho observer and the hIzq of liiE tulcBcopo i It la large for a small tBloscopo 
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Tile Rvcragc period is eleven find one-tenth years, but, as the figure 
allows, the spot maxima are quite iiTegular, both in time and as to 
the extent of spottedueas. TIic last spot maximum occuiTed in 
1883-81 (a year or two behind time), and we are now (1888) ap- 
proaching a mini mum. During a nuiximimi the snrraco of the sun 
is never free from sijpts, from twenty-five to fifty being frequently 
^'isibic at once. During a minimum, on the other hand, weeks orioii 
pass without tlie appearance of a single one, 

y I 308. Possible Cause of the Periodioity.— The cause of this periodicity 
is not known. It has heen attempted to coimoct it witli planetary action. 
Some things in the Kew statistics of the sun spots look as if Venus, Mer- 
cury, and the Earth had something to do witii it, tlio sun's surface being 
more spotted when these planets approach nearer} hut the evidence is 
ijisiifiicioiit, or at least needs to he supplomontcd by furtlier comparisons. 
Jiq)itor also has been suspected. Ilis period is 11.80 years, wliicli is not 
very different from the mean sun-spot period; hut an examination of tho 
different spot maxima show that some of tliem have occurred ulioii ho waa 
near perihelion, and others when he was near aphelion; and on the wholo 
thorn is very little reason for supposing that ho has fuiy considerablo ‘infl li- 
on eo in tlio matter. 

Sir John Tlerschel suggested that it might bo duo to streams of motesorH 
moving in an oval orbit with a period of about cloven years, and approach- 
ing so near at perihelion that numerous members of the meteoric group actu- 
ally fall into the sim; but, as has been said before, the distribution of tlio 
spots would seem to emit rad ict the idea. 

309. Terrestrial Influence of the Sun Spots.— One infiimnce of 
the sun spots upon the earth is perfectly demonstrated. When tho 
spots are minicrous, magnetic disturbances (the so-called magnetic 
storms) are most numerous and violent upon the earth, a fact not to 
bo wondered at since violent disturbances upon the siin^s surface 
have been in many individual cases immediately followed by mag- 
ugUc storms, with a brilliant exhibition of the Aurora Borealis. Tlio 
nature and mechanism of the connection is as yet unknown, but of 
the fact there can be no question. The dotted lines in the figure of 
the sun-spot periodicity (Fig. 10(5) repi^esent the magnetic stormiaeas 
of the earth at the indicated dates ; and the coiTespondenoe between 
these curves and the curve of spotted ness makes it impossible to 
doubt the connection. 


nnd not v&ry persistent observer, and approaches unity the more likely tile 
observer mny be supposed to have noted every sun spot that appeared during 
the time covered by Ida observations. 
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310. It ImB boon attempted, also, to show that greater or Iobs 
distiirbaiiGG of the Bun^a surface , as indicated by tlio grealor fre- 
quency of tlio sun’s spots, ie accompanied by effects ujmn the meteor- 
ology of the earthy npou its tomporaturc, barometric preBsuro, storm- 
ineas, and the amount of rain-fall. The researches of Mr. Moldrum 
of MauritUia with roapoct to the cyoloues in th^Indlaii Ocean appear 
to boar out the conclusion that there may be some snob connection in 
that case, but the general reBults are by no moans decisive. In some 
parts of tlic earth the rnln-fall seems to bo greater during a spot 
nmxlmnin ; In others, less. 

As to the temperature, it is still nncortaln whether it is higlier or 
lower nt tlie time of a spot maxirauiu. The f^pots themselves are 
cooler (as Henry, Seochi, and Langley have shown) than tiio general, 
surface of the photosphere ; but their extent is never snniclent to 
)'ediicc the amount of heat radiated from the sun by as inn eh as 
part. On the other hand, when the spots are most Jiumerous, the 
generally disturbed condition of tlio photosphere would, as linngloy 
has shown, necessarily be acconipaiiicd by an increased radiation, 

Dr. Gould considers that the meteorological records in the Argcii- 
tiiio lie public between 1875 and 1885 show an indubitable conneetlou 
between tlic ^vind currents and tlio number of sun spots. But the 
demonstration of such a relation really rcqiiirea observations running 
through several spot periods. On the whole, it is now quite certain 
that wliatovor inhuenco the sun 8i>ots exert npou terrestrial meteo- 
rology is very slight, if it exists at all. 

THE SOLAH SPliOraUM AND ITS IIKVELATIONS. 

311. About 1800 the speotroscopo appeared In the field ns a now 
and powerful Instriiment of astronomical rosenroh, at once roBolving 
many problems as to the nature and constitution of the heavenly bodies 
whioli before had not soeinod to be even open to investigation. 

The essential part of the apparatus is either a prism or train of 
])i-i8ma, or else a diilraction grating/ which is capable of performing 
the same oineo of dispersing — that is, of spreading and Bonding in 
different directions — the light rays of dllToront wave-lengiha. If, 
with such a “ dispersion piece f as it may bo called (either prism or 
gi’atlng), one looks at a distant point of light, as a star, ho will see 

^Tlio grating Is merely a picco of glnsa or speculum mclah ruled wlLli many 
thousand straight, oquidtstmit IhicB, from 5000 to 20,000 in the Inch. Usually the 
surface before ruling is acouratoly piano, but for aomo purposes tho coHcnj-'e grat- 
ings, originated by Professor Rowland, arc prefornble. 
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instead of a point a long streak of light, rod at one ond and violet 
at the other. If the object looked at bo not a point, but a Unit of 
lujlii parallel to the edge of the prism or to the lijios of the griitiugj 
then, instead of a mere colored streak without width, one getn a 
spectnm^ a colored baud of ligiit, which may show inarkin|[>'s that 
will give the observer rao.st valnablo infonnation. (riiysicis, ]>p. 
458-460.) For convenience* sake it is usual to form Huh lino 
of light by admitting the light throngli a narrow ditf wlucij is 
at one end of a tube having at tlie other ond an achromatic ohjnfil- 
glass at such a distance that the slit is in its principal focniH, 
This tube with slit and lens constitutes the “ co/Wma/or,** so called 
cause it is precisely the same as the instrument used in connection witli 
the transit instrumcDt to adjust its line of eollimation (Article 00) . 

Instead of looking at the spectrum witli the naked liowov<ji', 
it is better in most cases to use a small telescope ; called the “ mvn)- 
ielescoi^e^" to 'distinguish it from the large telescope, to which tlit' 
spectroscope is often attached. 




Direct-Vision Spectroscope 


Fio. 107. — Dlflbient Foi-ms of Spectroscope. , 


312. Construction of the Speoteosoope. — The inatriiinont, thoie, 
fore, as usually construetecl, and shown in Fig. 107, consists of tliiTu 

parts,--coihraator,disper8ion-piecG,,and view-telescopc; but in tlm 

VicW-toieSCOpo is 

0 nitted. If the sht, S, be illuminated by strictly honiogenoous light 
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all of one wave-length » yellow^ the ‘<rcal image of the slit 
will be found at F. If at the same time light of a different 
wave-length be also aclmittech say red, a second image will be 
formed at if, and the observer will sec a spectrum with two “ briglit 
lilies," the lines being really nothing more tlmn images of the dU, If 
ligiit from a candle be admitted, there will b^ m infinite number of 
tliese slit-iniagos-, close packed, like the pickets in a fence, without 
interval or break, and wc then got a continuous apectrura ; but if we 
look at sinilight or moonlight, we shall find a spectrum continuous in 
the main, but crossed by numerous dark lines, as if some of the 
pickets” had been knocked off, leaving gaps. 



313. Integrating and Analyzing Spectroscope, — If we simply 
direct tlie collimator of a spectroscope towards, a distant luminous 
object, every part of the slit receives light from every part of the 
object, so that in this case (wery elementary streak of the spectrum 



is M Bpectmin of the entire body, witboiit dislliJ<?tilon of parts* A 
spectroscope used in this way is said to bo an intGgvaliny instrument* 
If, however, wo interpose a lens (the object-gUisH of a telesooiHi) 
))ctweeu the luminous object and the slit, so as to inivo in the 
of the slit a distinct, real image of the object, then the top of tin? 
slit, for instance, will be illuminated wholly by light from one purl 
of the object, the middle of it by light from anotlior point, and tbo 
liottom by light from still a third. The spoctruin formed by the U^p 
of tlie slit belongs, then, to the light from that particular point of tbo 
object whose image falls upon that part of the slit; nii<l bo oi fbo 
rest, AVe thus separate the spectra of the diffoi’cnt parts of Ibo 
object, and so optkcdly analyTiG it. An instrimient thus used in 
spoken of as an ^'‘analyzing speclToncope,*^ The eoniliinod iiiHtru- 
.meiit formed by attaching a spectroscope to a larg<J tcloscopc l\>r 
the spectroscopic observation of the heavenly bodies lias boon callml 
by Mr. Lockycr a “telespectroscope.” Fig. 108 shows the apparaCiiH 
used by the writer for some years at Dartmouth College, 

For .solar purposes a grating spectroscopo is generally bettor than a 
prismatic, being less complicated and more compact for a given powor* 

314, Principles upon which Spectrum Analysis depends. — TIichu, 
substantially as announced by .KirehhoU in 18/38, arc the thrcMt 
following ; — 

1st, A continuoufi spectrum is given by every incandescent body, 
the molceiiles of winch so interfere with each other as to prevent 
their free, independent, luminous vibration ; that is, by bodies wliioli 
are either solid or liquid^ or, if gaseous, are iinder high premm, 

2d, The spectrum of a gaseous element, under low pressure ^ in 
diseoutimious, made up of bright lines ^ and these lines are character- 
istic ; that is, the same substance under similar conditions always 
gives the same set of lines, and generally does so even under widely 
different conditions, 

3d, A gaseous substance absorbs from white light passijig tbroug^U 
it j)recisehj those nvys of which Us oion spectrum eonsisls. The spoo- 
trnm of white liglit wliich has been transmitted through it then ox- 
inbits a reversed^'^ spectrum of the gas ; that is, one whioli shows dark 
lines instead of the characteristic bright lines. 

Fig, 109 illustrates this principle. Suppose that in front of the Blit 
of the spectroscope we place a spirit lamp with a little carbonate of 
soda and some salt of thallium upon the wick. We shall then got i\ 
spectrum showing the two yellow lines of sodium and the green Uiio 
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of tluilUnin, hrUfht. IP now tbo lime-light be started right beliind tlie 
lamp fUimo^ wo sliall at onco got the effect shown in the lower fignro, 
— -a continuous spectrum crossed by hlach linea just where tho bright 
lines were before. Insert ii screen between tlie lamp flame and tho 
lime, and tlio dark lines instantly sliow bright again. 



Fio. 100, Kavor^nl o! tho Spcolrum. 


316. Chemical Constituents of the Sun, Hy taking advnntago 
of these principles wo can detect the presence of a large number of 
well-known terrestrial elements in tho sun. Tho solar spectrum is 

crossed by dark lines, wbiob, with 
an instrument of high dispersion, 
mimbor several thousand, and by 
proper arrangements it is possible 
to identify among these lines many 
which are duo to the presence in 
tho sun’s lower atmospliero of 
known terrestrial elomonts in tho 

Krfi, 110. — Tho OomporlHon PrlBm, StatOOf vapOV. To offOOt tho COlll'’ 

pariaon nocossary for tliis purpose, 
tho spoctroscopo must bo so arranged that tho observer can have before 
him, side by side, tho spectrum of sunlight and that of the substance 
to be tested. In order to do this, half of the slit is fitted with a little 
comparhon so-called (Fig. 110), which reflects into it tho 

light from the sun, while the other half of the slit receives directly 
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ilie light of soi'me flame or electric spark. On looking into tho iiyo- 
piece of the spectroscope, the observer will thou soo a spectrinii, the 
lower half of which, for instance, is imdc by sunlight, whih^ I ho 
tipper half is made by light coining from an electric spark bcU\ non 
two metal points, say of iron. 

Photography may also be most effectivoly used in these compari- 
sons instead of the eye. Fig. Ill is a rather unsatisfactory roi>r4*- 
dilation, on a reduced scale, of a negative recently iimdo by ih’D- 
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Comparison of tlio Solar Spoclriim wllb llmt of Iron. From a Nogatlvo by IVof. Trowbrlilw^^ 

fessor Trowbridge at Cambridge. The loiver half is the violet por- 
tion of the spectrum of the sun, and the upper half that of the vnpiH‘ 
of iron in an electric arc. The reader can soo for himself with wliut 
absolute certainty such a photograph indicates the preBonco of iron 
in the solar atmosphere. A few of tlio lines in the photognipli 
which do not show corresponding lines in the solar spectriun arc diH? 
to impurities in the eai'bon, and not to iron. 


t 316. As the result of such comparisons wo have the following list of 
sixteen elements, which are certainly known to exist in the sun, viz. : ■ - 


Barium, 

Calcium, 

Chromium, 

Cobalt, 

Copper, 

Hydrogen, 

Iron, 

Magnesium, 


Manganese 

Nickel, 

Platinum, 

Silicon, 

Silver, 

Sodium, 

Titanium, 

Vanadium. 


There is evidence, perhaps not quite conclusive, of the preseiieo of 
the following i — 


Aluminium, 
Cadmium, 
Carbon, 
Lead I 


Molybdenum, 

Palladium, 

Uranium, 

Zinc. 
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As tu carbon, licwever, the spectnim is so pecnliiVi*, conBistlng of 
bniicla ratlicr than linos, tlmb it is very diflieiilt to be sure, but the 
toiulcncy of the latest invest Igations (of Rowland and Hutclilna) is to 
QattiblUb its right to a place on tlio list. 

Tho inoro rocoiib refioarcheft have thrown much doubt on the presence of 
eovoml substances which, a few years ago, wwo usually Inolucled in the list, 
ns, for install GO, stroiibium luul corhun. It has been generally admitted also 
that tho photographs of Dr. lionry Draper hotl demonstrated the presence 
of oxygon in the sun, roprosonted in tho solar spec brum, nobby dark lines 
UlcQ oblior oloinonts, but by certain wklcy bright bauds. The latest work, 
while it does not abaolutoly rofiifco Dr. Drapor^s conclusion, appears however 
to turn the balanco of cvidcnco tho other way. 

317. It will bo, noticed that all the bodies named in tbe list, carbon 
alone oxoeptod, arc metals (olieinically hydrogoii le a metal) ^ and that 
a miiltitiule of tho most important terrestrial olonicnta fall to appear ; 
oxygon (?), nllrogon, chlorine, broinlno, iodiuo, snlpluir, phosphoruB, 
iiracnlo, and boron are all misBiug. * We iniiat bo cautious, however, 
as to negative conclusions. It la quite conceivable that the apectra of 
thoBO bodioB under solar conditions may bo so cliff oroiit from their spec- 
tra ns pros ou ted in our laboratories that wo cannot rocogiiizo them j for 
It is now quite certain that some substances, nltrogeu, for iustauce, 
under different conclitious, give two or more wlclel}’' different spectra. 

Among the many thousand lines of tho solar speotriim only a few 
buiidrocl arc so far Identlflod, 

318. Mr. lookyer'B Views. — Mr. Lookyor thinks it more prob- 
able that tlio missing substances arc not truly elementary, but are 
decomposed or ** dUsooiatod'** on the sun by tho Intense heat, and so 
do not exist there, but are roplaoed by their compoueute ; he believes, 
in fact, that noiio of oiir so-oallod oloinonts are really elementary, but 
that all are decomposablo, and, to some extent actually decomposed 
in tho aim and stains, and some of them by tho electric spark lii our 
own laboratories. Granting this, a orowd of intei’cstiug aud remarlc- 
ablo spec fcro scop lo facts flud easy explanation. At the same time the 
hypotliosis is encumbered with groat dindciiltlos aud has not yet been 
finally accepted by physicists and oho mists. For a full statement 
of Ills views the reader is referred to his ‘^Chemistry of the Sun.” 

310. The Reversing Layer. — According to KircbliofTs theory the 
dark lines are formed by the passing of light from the minute solid 
and liquid particles of which the photospherio clouds are Bupposed to 



be formed, through vapors containing the anbstances whicli we rccog- 
ni^.e in tlie solar spectrum. If tins be so, the spectrum of Uie g'u»Goii« 
envelope, which by its absorption forms the davlc lines, should by itnelf 
show a spectrum of corresponding bright lines. Tim opportunities are 
of course rare when it is possible to obtain the spectrum of this gns- 
stratum alone by itself; but at tlm time of a total eclipse, at the 
niomeut when the sinfs disc lias just been obscured by tlio niooii> 
and the sun^s atmosphere is still visible beyond the moon’s limb^ 
If the slit of the spectroscope be carefully adjusted to tho proper 
point, the observer ought to see this bright-line spectrum. The 
author succeeded in making this very observation at fcUo SpuniBli 
eclipse of 1870. The lines of the solar spectrum, which up to tho 
flnal obscuration of the sun had remained dark as nsiuil (with the 
exception of a few belonging to the spectrum of the chroiiiosphoi'o) , 
were suddenly reversed,” and the whole length of the spectrum '^vaa 
filled with brilliaut-colorecl lines, which flashed out quickly and tlioti 
gradually faded away, disappeayng in about two secondB> — -a most 
beautiful thing to see, Substantially the same thing has since tlion 
been several times observed. 

320, Tlie natural interpretation of this phenomenon is, tiuifc i?ie formation 
of the dark Unes in the solar spectrum is mainhjy at leasif produced hy a vertf 
thin layer close down to the pliotosphercy since the moon's motion in f>Wo seat* nils 
would cover a thickness of only about 600 miles. It was not poHsiblo, how- 
ever, to be certain that all the dark lines were reversed, and in this uncer- 
tainty lies the possibility of a different interpretation* Mr. Loolcyor doiibls 
the existence of any such thin slratxon. According to his views the sol nr 
atmosphere is very extensive, and those' linos of iron, which covrospoiid to 
the more complex combinations of its constituents, are formed only in 11 lO 
regions of lower temperature, high up in the sun's atmosphoro* TTiey should 
appear early at the time of an eclipse and last long^ but not bo very bright. 
Those due to the constituents of iron which are found onlyoloso down lo 
the solar surface should be short and briglit; and he thinks tlmt tins 
numerous bright lines observed under the conditions stated are tluo to such 
substances only. Observation needs to be directed to the special point to 
determine whether all of the dark lines are reversed at the edgo of tlio sun, 
or only a few ; and if so, what ones. 

321. Sun-Spot Spectrum, — This is like tlie general solar spectrum , 
except that certain hues are much widened, while certain others are 
thinned, and sometimes the lines of hydi^ogen become brig'ht, It la 
to be noticed that by far the larger proportion of the dark lines of any 
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Fstt. 104. -Sort. 20. 


Tho Great Sun Spot of 1870. 
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given substance are not affected at all in the spot spoctrmii, Init only 

a certain few of thoitij a point 







21 * ; 


61'» 


wliioli Mr. Loekycr oonHidors verj 
importani;. Not infroquonUy it 
happens that certain linos of the 
spectrum arc crooked niKl hrolcon 
in connection with ami spotn, ns 
shown hy Fig*. 112. Such pirn- 
nomeim arc caused, according to 
Doppler^ s principle by tlie awdft 
motion of matter towartla or Croni 
the observer. In the particular case sliowii in the* figure, liy<1rogcn in 
the suhstance, and the greatest motion indicated was towards tlic 
observer at the rate of about 300 miles a second — an unusual velocity. 
These effects are* most noticeable, not in the spots, but near thoin, 
usually just at the outer edge of the penumbra. 


2>i .IQ'** 

Fifl. 112. 

The C line in the Spcntvura of a Smi Spot, 
• Sept. 23, 1870. 


The (lark and apparently continuous Rpectrnmwliieh is duo to tliomudmis 
of a sun spot is not truly continuous, but under liigh dispersion is rCHolvnd 
into a range of extremely iino, close-packed, darlc linos, scparatetl by narrow 
spaces. At least this is so in the greeu and blue portions of the Hpectruiii ; it 
is more diflicult to make out this structure in tlie yellow and rod. It api;cmr.H 
to indicate that the absorbing medium which Alls the hollow of a Him .spot 
is gaseomy and not composed of precipitated particles like smoko, as him 
been suggested. 


^ Doppler’s principle is this: tliat when we are approaching, or iip prone lied by, 
a body which is emitting regular vibrations, then tlie number of wavoa rceoiveil 
by us in a second is increased ^ and their wave-longtii correspondingly dminiahed i* 
and vice versa when tlie distance of the vibrating body is inereaging-. '['Ims tlio 
piichiii a musical tone rises while wc are approucliing the sounding body, nnU 
falls as we recede; in just the same \vay the ^M’ofrnngibility ” of the rays, say of 
hydrogen, emanating from the sun is increased (tlio wave-length boiug shortunecl) 
whenever we are approaching it with a speed which bears a sensible ratio ti> the 
velocity of light. Calling A the wave-length of the ray when tlie observer and 
the luminous object are relatively at rest, and k* the wave-length as afTeoted by 
their relative motion ; putting Falso for the velocity of light (about 1 80,330 niiU'H 
per second), and s for the speed with whicli the observer and source of light 
approach each other, we have 



[If tile distance Is increasing instead of diminishing, the denominntov will tie 
( — -s).] With the most powerful spectroscopes motions of from one to two miles 
per second along the line of sight can (hits be detected. 
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322, The Ohromosphei’e, — Tho chromosphere is n region of tho 
sun’s gnecous cnvolopo which lies close fibovo tlie photosplioro, tho 

rmiersmj layer if it exists at all> being only the moat dense and 
hottest part of it. The ehromosphore is bo called, heoaiisG as seen 
for an Instant, during a total solar eclipse, it is of a bright scarlet 
color, tlio color being duo to the liydrogoii whlcli la its main conatlt- 
iicnt. It is from 5000 to 10,000 miles in Lliiclcnoss, and in structure 
is very like a slicct of scarlet llamo, not being composed of horizon- 
tal aheeta, hut of (approximately) upright ftlamcnte. Its appearance 
lias boon compared very acoiirately to tliat of “n praiple on fire”; 
but tlie student must carefully guard against the idea that there is 
any real “burning” in tlic case; i.c., any process of co^nhincUion 
between hydrogen and •some other substance. The tomporaturo la 
altogctliev too high for any formation of hydrogen compoiiuds at tlie 
Blinds surface. 

t 323. The Promlnenoes, — At a total ocllpflo, after the totality Ima 
fairly sot in, tlioro are usually to be scon at the edge of the moon’s 
disc a number of scarlet, star-like objects, which in tho telescope 
appear as boaiitlful, Aery clouds of various form and size, 'fheso are 
the so-called “prowmnmms,” which very non-committal name was 
given while it was still doubtful whether tliey wore aolnr or lunar. 
Photography, in 1800,- proved that they really belong to tho auJi, 
for tho photographs taken during tho totality showed that tho moon 
obviously moves over them, covering tlioso upon tlio eastern limb, 
and unoovoring tlioso upon the wostorn. 

Their 8i>cctmin, flrat observed in 18(18, is (jaseouHy i.o., hdrjht4inPAly 
the lines of hydrogen being espeoially conspicuous. Tliore aiti, 
however, a mimlier of otlier bright lines, — among tliein tlio violet 
// and K lines usually nscriliod to oaloiuin, and a yellow line 
(known as A because it is near the two I) lines of sodium), 
which is due to some unidentified element provisionally named 

In connection with this eclipse, Janssen, wlio observed it In Im 
dia, found tiiat tho lines of the promlnonco spoctrnm woro so bright 
that ho was able to observe them tho next day after tho eclipse in 
full sunlight ; and he also found that by a proper managoinont of 
his iustnimeut he could study tlio form and behavior of the proml- 
uoucea nearly as well without an eclipse ns during one. Lockyor, 
In England, some time earlier had come to sliullnr conclusions from 
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giveu substance aie not tiffected at all m tho spot spcctiuin, l)ul only 

a ceitain fow of them, a point 
which Ml Loclv-vcr cohsuUms Mny 
important, Not inficquoutly it 
happens that ccUaui lines of the 
spoctuini uro cujokod and hiolccn 
in connoctiou with sun spots, as 
shown hy ItS. Bitch phe- 
nomena are (aiiisod, accoidmg to 
\s pinitiple^^ hv the bwift 
motion of inattei iowtuda or fioin 
the obaeim In the pniticulai case shown in the^ figuie, hydiogon is 
the substance, and the gieatest motion nulicntcd was towards tlu^ 
obseivei at the i ate of about 300 miles a second — an unusual velocitv 
These effects aie most noticeable, not in the spots, but near thcMii, 
usually just at the outei edge of the peiiumbia 

Thedaik and appaieatly contnuious speHiuniwhali is due to tliOimeUnis 
of a sun ^pot is not tuily eontuuioiifl, hut undoi high thsjieraion ih lesolved 
into a laiigo of extiemely fine, close packed, daik lines, sojnualoil by iiaiunv 
spaces At least tins is so m tho gieen and hlno poi tions of the H))e( tiuui , it 
IS moie dilflcult to inako out this sti uctiiio lu the yellow and led It ap])eam 
to itidioaie that the absoibing medium winch fills tlio hollow of a Hun spot 
}3 mid not composed ol pi ocipitatcd paitiolos like funolau as has 

been suggested 



The C hue In the Speolnim of ft Sun Hpou 
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^ Popplcr's piinuiplo is this that when we me approaching, in appionchoil , 
a body which is emitting icgulai vibiatlons, then tho nro/i6ei of waves louelvod 
hy us in a second is increased, and then Mave length coiresjiomhugb (huunt^hui , 
fltid vtceveisa when the ihstnuco of tho vibrating body is iiicieasing M'luiii tlio 
(ittdi ot a musical tone rises while wo aio appiouchiiig tlio soutuliiig body, anil 
fads /IS w(3 recede, in ]ust the some way the ‘^refiaugibllltj ** of the rn>8, an) of 
hjdrogen, einanatnig from the sun is incioased (tlio wnve JongtJi holag slioiteofrd) 
wln^never we aio approaching it with a spoed whiili boms a acnsiblo nUlo In Uio 
velocity of light Calling \ the wavelength of tho lay wliou tho obsoivoi ami 
the luminous object are relatively at lost, and tho wave length ns nheeted h\ 
Ihelrrelatuemotion, putting Tahofoi the velocitv of light (nhout niilm 

per second), and $ for the speed with which the obsoivei and souico uf light 
eppi oacJi each other, we have 



p 

[U ilie distance is increasing instead of diminishing^ the denominator will be 
( I — <5) [] tViih ihemost powerful specti oscopes motions of from one to two tiillus 
per second along the line of sight can thus bo detected 
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322. Tho Clu'omoBphere. — The chromosiyMn is a region of tho 
Hiin’B gaseous envelope 'whioh lies close above the photospboro, tho 
reversing layer if it exists at all, being only the most donso and 
lioltGBt part of it. Tito chromosphere is so called, because as seen 
for an instant, during a total solar eclipse, it is of a bright scarlet 
coloi’, tho color being due to the hydrogen wliicli is its main coiistit- 
nont It Is from h 000 to 10,000 miles In thickness, and in striioture 
is very like a sheet of scarlet flame, not being composed of horizon- 
tal bl loots, but of (approximately) upriglit 11 lam cuts. Its appearance 
lias bo(ni compared very accurately to that of “ a praivio on Are*’ ; 
lint tho student must oavcfully guard against the idea that there la 
any real ^Mnirnlng” In the case; t.e., any process of combination 
between hydrogen and •some other siibatanoe. The temperature la 
altogether too high for any formation of hydrogen compounds at the 
sun’s surfaeo, 

t 323. Tho Promiuenoes. — At a total eclipse, after tho totality lias 
fairly sot in, there aro usually to bo seen at the edge of the moon^s 
dlfic a number of scarlet, star-like objects, wliieh in the telescope 
appear as boaiitifnl, Hory oIoikIb of various form and size. These are 
tho HO-callcd which very non-committal name was 

given while It was still doubtful whether they were solar or lunar. 
Photography, hi 1800,- proved that they really belong k> the suu, 
for tho ]ihoto graphs taken during tho totality showed that the moon 
obviously moves over them, covering those upon tho eastern, limb, 
and nnoovorlng those upon the western. 

Thoir spectrum, flrst observed in 1868, is gaseons, i.e,, hvlght-linedi 
tho lines of hydrogen being especially conspicuous. There are, 
liowovor, a niunVior of other bright lines, — among them tlie violet 
J[ and K linos nsiially ascribed to caloium, and a yellow line 
(known a,H J)>i boenuso it is near the two D lines of aodium), 
wliioh is duo to sumo nnulentifiGd element provisionally named 
“ hdiwmf 

In connection with Ihis oollpsc, Janssen, who observed it in In* 
lUa, found tliat tho lines of the prominence spectrum were so bright 
tliat he was able to observe them the next clay after the eclipse in 
full sunlight ; and he also found that by a proper niauageraent of 
his instrument ho could study the form and behavior of the promi- 
nonoGs nearly as well without an oollpse as during one. Lockyer, 
in Ku gland, some time earlier had corns to similar conclnslous fiom 
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ililiuluUuil gi omuls, tiud lie puichcnill3 poricctod his (Iih(‘ovi‘1v u low 
weeks ktei than Janssen, although without knowledge ol whul lin 
had done By a loimukable Imt uecuUmUil coinoidonoo tium dl 4 l'n^•‘ 
cues wei<s communicated to the Fiench Aondimiy on the Maine iluy t 
and in then honoi thcFioiich have stiuek a medal hoaiing their uiiMeil 
elllgies. 


324 How the Speotrosoope makes the Piommonoos Visible 
The only leason wo cannot see tlie piomincnees at any time ih ow 
account of the bughi ilhiiuiiiation of our own atinoMpbeie AVo eun 
scieen oft the duect light ol the siin , but we eunnot Minvim olT llii^ 
leflected sunlight coming fioni the an which is ilueetly betwemi ns 

and the piommenees theiuMelveH ; a light 

so bnllinnt that the piumincMU'UH eiinnot 
bo scon tlnongh it without Home knul of 
aid 

The spectrum of this an -light of eoiiiHO, 
just the same as that of tlio Bun — a eon- 
timions spcctiuin witli the waine daik Iiiu^h 
113 upon It, Wlicn, theicfoie, we anuiige tlie 

Sijectioacopo sijt mijiisiui for appaiatus as indicated in Fig. 113, pointing 
uoneea toloscopo SO that tlie image of the Him « 

limb just touches the slit of the Hpeclro- 
SGope^ then, if tlieic is a piomineucc at that point, we hIuiH luivo in 
om spectroscope two spccti a supeiposcd upon each other j iiainel^s 
the speetiiim of the aiiMllumi nation and that of the piomuuuu'e 
The lattoi is a spectium of h)\(jhl hnea^ oi, if tlie Hilt Is opencul 
a little, of blight umujph of whatever pait of the promimmee may 
fall within the edges of the slit, Now, the brighliu'SH of Hume 
images 18 not nftcctccl bv aii’^ increase of dispcision in tlie specdio- 
scope Inciease^ of di^peisiou meioiy sets tlicso imngeH fiiithei 
apnit, without making them faintei, The spectrum of tlie ueiinl lUii- 
nnuation, ou the otliei band, is made voiy faint by its oxtcMision , and, 
11101 eovei , it dew/t lines (or when the sht is oiKMicd) 

piecisely at the points whoic the biight images of the piomincuices 

A Bpectioscope of dispoisive powoi sudlciout to divide the two A’ 
lilies, attached to a telescope of foui or five in olios aptn'liu e, gives a 


* Too hij^h dispersion ini arcs the definition, howovei, bGoame the lines In the 
spectrum of iijdiogen are rathei brond and hn/y. 
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very eatlsfactovy view of these heautifiil objects ; the red image cor- 
rcsponcls to the Q line, and is by iiw the best foi* such observations, 
though the 1)^ lino or the inline can also be^xised. When the iiistru- 
nient is \n*operly adjusted, the slit opened a little, and tlio image of 
the sun’s limb brought exactly to the edge of the slit, the observer 
at tlio eye** piece of the spectroscope will see things about as wo have 
attempted to represent them in Fig. 114; as if he were looking 
at tlic clouds in an ovoning sky through a slightly opened window- 
blind. 

386. Different Kinds of Dromineuces ; Their Forms and Motions. 

The prominencos may bo broadly divided into two classes, — 
tlio quiescent ox diffased, and the eruptive or “metallic,” as Secchi 
calls them, because they show 
in their spectrum the lines of 
many metals besides hydrogen. 

The former, illnsfcvated by Fig. 
rifi (sec p, 200), are immense 
clouds, often 60,000 miles in 
lieight, and of corresponding 
liorizontal dimensions, cither 
resting upon tlio chromosphere 
or connected with lb by slender 
stems like great banyan-trees. 

They are not very brilliant, and 
are composed almost optirely 
of hydrogen and ‘MicUum.” 

They often remain nearly un- 
changed for days together as 
tlioy pass over the sun’s limb. 

They are found on all portions of the disc, at the poles and equator 
us well as in the spot iiones. Some of them are clouds floating 
entirely detached from the sun’s surface. 

Usually tliese clouds are simply the remnants of promiueucGS which 
appear to have boon thrown up from below, but in some cases they 
actually form and grow larger without any visible connection with 
the chromosphere — a fact of considerable importauce, as showing in 
those regions the presence of hydrogen, invisible to our spectroscopes 
until somehow or other it is made to give out the rays of its famil- 
iar spectrum, All the forms and motions of the prominences, it 
may bo said further, seem to indicate the same thing — that they 



Fio. lU. 

Tbo OhromOBphei’o and Promluonccs 6 non In the 
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lOinnio, JolB iion^ Sun's Limb, Oct. 6, 1871, 

Kill, no. 

Ki'Liptlvo ri-oniJnouoefl. Kroni ^ The Sim." By PcrmlBsiow of D, Appleton & Co. 
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exist and movcy not in a vacuum ^ but in a iiiediuni of doiisity com- 
parable with their own, as clouds do in our own atmosphere. 

326. The eruptive prominences, on the otlinr Imnd, are ]>rilliant 
and ^active, not usually so largo as tlio (]iiiesceiit, but at tiincH 
enormous, reaching elevations of 100,000, 200, 000, or oven 100,000 
miles. They arc illustrated by Fig. 1 IG. Moat fi’e([mnitly tlioy urn 
in the form of spikes or llaincs ; but tho 3 ’ i)roa(nit also a griuit variety 
of other fantastic shapes, and are so me times so brilliant as to lio 
visible with the spectroscope on the surface of the sun itself, and nf>l 
merely at the limb, Generally proininoiicos of this class are uhho- 
dated with active sun spots, while both classes appear to bo con- 
nected with the faculm, The figures given are from drawings of 
indivkUial prominences that have been observed by the author tit; 
different times. 

These solar clouds are most fasciuaUng objects to watcli, oJi uc- 
couiit of the beauty of their forms, and the vapidity of their clning;(!M. 
In the case of the eruptive prominence, s llie swiftness of the clmngi^H 
is sometimes wonderful — portions can be nctuull^^ scon to move, niicl ^ 
this implies a real velocity of at least 250 miles a second, so that it 
is no exaggeration to speak of snch phenomena as veritable explo- 
sions ” 2 of course, in such cases the Hues in the speetruin are grojilly 
broken ami distorted, and frequently a 'Mnagnctic Htorm^^ IbllowH 
upon the earth, with a brilliant Aurora Borealis. 

I he luimher visible at a single time is variable, but it is not very 
imnsual to fmcl as many as twentj^ on the 8im*s limb at once. 

. 327. The Corona. ^This is a halo, or ‘ ‘ glory,'' of light which Hur- 
rounds the sun at the time of the total eclipse. From the remotOHli 
times it has been well known, and described with ontliusiasm, us boiiij^ 
certainly one of the most beautiful of natural plionoinona. 

1 ho portion of the corona nearest the sun is almost dazjdliigly brig'lit, 
Tvith a greenish, pearly tinge which contrasts finely ^Yitil the Hciulet 
blaze of the prominences. It is made up of streaku and lihiuuu U h 
which on the whole radiate outwards from the sun's dise, thougli 
they arc in many places strangely curved and intertwined. Usually 
these filaments are longest in the sun-spot zones, thus giving l\m 
corona a more or less .quadrangular figure. At tho very polen tif 
the sun. however, there are often tufts of sharply defined threadn. 

For the most part the streamers have a length not much exeued- 
in^ le sun s ladius, but some of them at almost every eclipso go 
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liir hoyond thia limit. In the clear air of Colorado during the eclipse 
of 1878, two of them could be traced for five or six degrees,^ — a 
distance of at IciiHt h ,000000 miles from the sun. A most striking 
feature of the corona usually consists of certain dark rifts which 
tench straight out from the mooii^s limb, clear to the extremest limit 
of the corona. 

The corona varies much in brightness at diifereut eclipses, and of 
course the details are never twice the same. Its total light imder 
ordinary eircumstanees is at least two or three times as great as that 
of the full moon. 


828, Photographs of the Corona, — While the eye can perhaps 
grasp some of its details more satisfactorily than the photographic 
plate can do, it is found that drawings of the corona are hardly to be 
trusted, At any rate, it seldom hai)pcns that the representations of 
two artists agree Buillciently to justify any confldouccin their scientific 

W 



Fin. 117. — Corona of tlio T!5gypaau Eclipse, 1882, 


accuracy. Photographs, on the other hand, may be trusted as far as 
they go‘ thougli they may fail to bring out some things whuj are 
conspicuous to Iho eye. Fig. 1 17 is from the photograph of the Egyp- 
tian eclipse of 1882, when a little comet was found close to the sim. 


Of conv8o,as in the case of the promiiieiices, the 
see the corona witliont an eelipsed sun is the illummation of 
atmosphere. If wo could ascend above om atmosphere, to 

and to observe there, wo could sec it by simply screening off the sun s disc. 
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So long, however, as tiie brightness of the illuniinatod aiv ia more tliiin about 
sixty times that of the corona, it must remain invisible to the eye, Ur. 
Huggins has thought that it might bo possible by moans of photograplm to 
detect differcuces of illumination less than (the limit of the oyu’.s porot^])* 
tion), and so to obtain pictures of the corona at any time; especiially as it 
appears that the coronal light is far ricliov in ultra-violet rays (tins photo- 
graphic rays) than the general sunlight with wliich the air is illnminatod. 
His attempts so far, liowever, have yielded only doubtful siiocoss. 

329, Speotnnu of the Corona. — This was f)r.st dolinitoly obstivved 
ill 1869 (luring the eclipse which passed over the western [uirt of tlio 
United States in that year, It was then found tiuit its most ronmrlca- 
ble characteristic is a bright line in the green, which the writer idciUb 
lied as coinciding with the dark lino at 14-74 on tlie scale of Kirchlu)ll'*s 
map (X= 5316). This line was also observed by UarknesH. 

This result was for a time very pnz/.ling, since the dark lino in question 
is given by Angstrom and other authorities as due to tlie spectrin u of 
The mystery has since been removed, however, by tlm discovery that under 
high dispersion the line is double, and that the corona lino coiiiehhis w'illi 
the more refrangible of the two components, while the other one is the lino 
clue to iron. We have as yet been unable to identify with any tori'ivslriul 
element the substance to wliich tins Hue is due, but the provisional uiiino 
“coronmw** has been proposed for it. The recent rosearcjhes of Grtiuowuld 
make it somewhat probable that both coroniuin and lielimn are coiiiiM)neji(s 
of hydrogen, which (in line with Mr. Ijockyor’s speculations) is siqiposod lu 
be partially decomposed under solar conditions. 

Besides this conspicuous green line, the hydrogen line.s are ill ho 
faintly visible in the spectrum of the corona ; and by means of a i>bc)- 
tographio camera used during the Egyptian eclipse of 1H82, it wuh 
found that the upper or violet portion of the spectruin is very rich iu 
lines j among whicli II and K arc specially eonspieuouH. Tlun'o in 
also, through the whole spectrum, a faint contimioim Imclcgrotiiid, 
which, however, according to Mr, Lookyor’s statenunits, is not of 
uniform briglilness, but In it sonm observers huvo re* 

ported the presence of a few of the more conspicuous dark linos of 
the ordinary solar spectrum, but the evidence on this i)oint is rntlicr 
conflictingi 

^ If during the totality we look at the ooUpsod sun with a diffrao 
tion grating, or tlirough a prism of high diiljmraive power, wc,se(^ throe 
rings which are really images of the corona. One of them, the bright- 
est and the largest, is the green ring due to the 1474 line ; the otherH 
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arc a red ring duo to (7, i\ud ii blue one duo to the F lino of 
hydrogen. 

330. Nature of the Ooroiia. — It ib evident limb the corona Ib a 
ti'uly Bolna' and not inovoly an optical or atiuoaplierio phenomenon, from 
two factfl : Ih’Bt, the idmUfty of (ieUiil in photo(inq)h3 viade at loiddy 
fieparale staliona. In 1871 , for inatiinoc?, photographs >Ycro obUiinoO at 
tholiidhui Btatlon of Boknl, in Ceylon, ami in Java, tlirco stations sopu- 
mfccd by many hnntlredH of miles ; biib, excepting miiuite dllTorcnces 
of detail, Bucli as might be expeoted to have resulted from the change b 
that would naturally go on in the corona during the half-hour while 
tlio moon's shadow was travelling from bekul to Java, all Iho photo- 
graphs agree exactly, which of course would not lie the case if the 
corona dopended in any way upon the atmospheric conditions at the 
ohsorver's sUition. 

SoGond (hwt Jlr3t lilstorlcally), the jwmicc of bright lines in the 
sjiectrim of the corona proves that it cannot he a terrestrial or lunar 
phenomenon, by dcmonsbratlng the presciujo in the corona of a 
Umhioxis j/atf, which observation fails to find o 1th or near to the moon 
or In oiiv own atmosphere. It must, therefore, bo at the sun. 

But whlio ib is thus certain that the corona contalim luminous gas, It 
also la very likely that (Inoly divided solid or licjuld matter may be pres- 
ent ill tho corona; that is, fog or dust of some IdudJ 

331. The corona cannot be a true solar atmosphere'^ in any strict 
BGiiBc of the word. No gaseous envelope In any way analogous to the 
oartldfl atniOBplicro could possibly exist there In gravitational equb 
llhnuLU under tho solar conditions of pressure and temperature. Tho 
corona is [)robably a phenomenon due somehow to tho Intense activity 
of tho forccB there at work ; moteorlo matter, come tie matter, matter 
ejected from within tho sun, avo all concerned. 

That this matter Is inconceivably rare' Is evident from tho fact that 
in sQYoral ensoB comets have passed directly through tho corona without 
oxpcrlonciiig the least perceptible disturbance of their motions. It Is 
altogoLlicr probable that at a very few thousand miles above tho suu'b 
siivfacQ, Its denaity Vumomes far less thiiii that of tho best vacuum wo 
can inalco in an electric lamp. ^ 

^ Tilts Ib huliunletl by Iho imrdal radinl poluri/.Rlion of tim light of tho coxom. ^ fl 
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CHAPTER TX. 

THE sun’s LIGHT AND heat: COMPARISOK OF RUNEKHIT WITH 
ARTIFICIAL LIGHTS. — MEASUREMENT OF THE SUN’m 
AND determination OF THE SOLAR CONSTANT.” — PVK- 
HELIOMETER, AOTINOMETER, AND ROLOMETEU, — 'rilK HUN’h 
TB 5IPEIIATURB. — THEpIilES AS TO THE IMAINTENANUI') OK 
THE sun’s radiation^ AND CONCLUSIONS AS TO THE HUN'H 
POSSIBLE AGE AND FUTURE DURATION* 


332. The Sun’s light. — The Qucmtity of Sunlight, It is v<d;y oiiny 
to compare (approximatelv) sunlight with fclio liglit of a sliiiulni'cl * 
candle; and the result is, that when the sun is in the zenith, it ilhiini- 
nates a white surface about 60,000 times ns strongly as a stiLiul«i'<l 
caudle at a distance of one metre, If we allow for the iitmospliorlo nli- 
sorption, the muiiber would be fully 70,000. If wc tiion multiply 7(J,(^CO 
by the square of 150,000 million (roughly the number of inotroH in 
the sun’s distance from the earth), we shall get what a gas oiigiin^pp 
would call the sun’s candle 2)owerf The number comes out 
billions of billions (English); i.e,, 1575 with twenty-four 
following, 


333. ^ One way of making the conipavison ia tho following : Arrange mat- 
ters as in Fig. 118. The sunlight is brouglit into a darkoiiod room V»y a 
minor A/, which reflects the rays through a lens L of perl iap.s half an inch in 
diametei. After the rays pass the focus they diverge and form on tiio 
screen S a disc of light, the size of which may be varied by changing Llio 
istance of the screen. Suppose it so placed that tbo illuminated oirido 
just ten feet in diameter; that is, 240 times the diameter of the lens. ’Hui 
1 iiminatioii 0 the disc will then be less than that of direct sunllglit in 
the ratio of .40 (or 57,000) to 1 (neglecting the loss of light prodiumil by 


iniT candle is a sperm candle weighing one-sixth of a pound and hiirin 

nhotomp^ ^ ^I'ench ** Carcel huviiejV’ Rsed ns a standard in tlicdr 

Ldle An Sivon by this stHjitlftnl 

r. ivatenf L f InT f “•‘""■"f Avb foot of gas hourly gives a l\ghi 

cQuiralcnl to from twelve to fifteen standard candles. 
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the njlri'tji* nncl the Ions, a Iors which of ODurse iniiRfc bo allowed for), Now 
plflOQ a Hfcfclo rod like a ]>eiioil near tho scraoii, as nfc light a standard 
Oft)] die, and move the o mi die back mid forth until tho two almdows of the 



poiioil, Oho formed by tlio camlle, and tlio other by tlio Jlglifc from tlie 
aro equally dark, lb will bo found that tho cmuUo has to be put at a cUh- 
tanco of about ono mofcro from tlm screen | tJiongli tho z’osnlta would vary a 
good doivl from day to day with tho olonriioss of tho ah'. 

334. When tho eiiiVa light la compiu'od with that of tho full moon 
and of various stare, wo find, ns etntod (Art, 259), that It is aliout 
800,000 thnoe tlmt of tho l\iU moon. It Is 7,000,000000 times as 
great as tfio llglit rocolvod from SIrinn, and about 40,000,000000 
tliuc!? that from Vega or Arctnnis. 

S3S. The rntenflity of the fluids luminosity. —This Is a very 
(litferent tiling from Uio total qnniuity of its llgiit, as exproBsed by 
Its “ caiullo power*’ (a anrfiioo of comparatively feeble luminosity 
can givo a great quantity of light If Invgo oiiongh), Tt Is the amount 
of per square inch of Ivminonfi surface whlcdi dotonidneB tlie 
intoiisitv. Making tho ncceHsary couipntatlons from the host dflta 
obtftinablo (only roiiglifsh approximntiona being possible). It aj^penva 
tlmt tlio sun^s auvfaco Is about 100,000 times ns bright os that of n 
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caiullo flniiie, ftiid about 160 times ns Imght as the Umo of tho oaUsinn 
light J^mi the (la)lest2)a}l of a sola) sjwt ouhhi)m tho Ime, 'Hin 
intensely biilliant spot in the so-called “ ciatoi ol an olootiK* hk» 
comes neaiei sun light than an^^tliing oKo huown, being fiom one -half 
to one- fo in th as blight as the suiface of the snn itsolC Hiit oilher 
the electile aic ov the calcium light, i\hcii interposed between tlu» 
eve and the sun looks like a daik spot on the disc 


338 Comparative Biightness of Biffeient Portions of tho Sun’a 
Suiface — By foiming a laige imago ot the siiii, say a fool in di- 
ameter, upon a SCI ecu, we can compaie niLli each othoi the lays 
coming tiom difteiciit paits of the sun’s disc It thus appeal s that 
theie IS a gi eat diminution of light at the edge, tho light there, aecoKl- 
uig to Piofessoi Pickeung’s expeuments, hcang ]Ust about one-thiril 
as stiong as at the eentie Thcic is albo au obvimm difreionco of 
coloi, the light fiom the edge of the disc being biowiiisb led as (*oin- 
paied with that fiom the ccntie The leasou is, that tlic* led ami 
Yellow lays of the spectuim lose much Icsa of tlunr bugbtuGHs at Uio 
Innb than do the blue and violet, Aceoiding to Vogel, tbo lattei ruVH 
aie affected iieaily twice as muoii as tlio founci For this leaHtin, 
pliotogiaplis ot the sun exhibit the daikoning of tbo limb inncli more 
stioiiglj than one iisiuiUv sees it in the telescope 




337 Cause of the Barkening of the Limb, — It is duo ihkiuofi- 
tionably to the geneial absoiption of the sun’s rays by the lower tim'- 

tion of the overlying atmospborc 
The loason is obvious fiom tlm 
flguiG (Fig, 118) The lliiH 
atmosphcic, olliei tilings bidn^ 
equal, ihoigieaier the latio botffwu 
the pmeentage of ahso')})tio7i at tho 
cenhe and edge of tho dUCy und 
_ the ')oo)e ohvion^ tho darheiiing u/* 
the limb 



Cause of tlieDftikoiilng of the Sun’s limb Attempts haVG 1)0011 mado to 

deteunine from the obsoived dif- 
feiencea between the biightuesa of centie and limb tho total 
pei cent age of the sun’s light thus absorbed Unfoitunatolv wo liiivu 
to aupplement the obseived data witli some veiy iinceitnin assump- 
tions in oHlei to solve the pioblcm ; and it can only bo said that 
it IS 2 '^fObable that the amount of light absoibed by tho sun’s almos- 
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phero lioB botwoen fifty ami oighty por cent; i,e,^ tlio fluii doprlvod of 
its gaaooufl onvolopo would pmbably Hbiiio from two to five tiinoa as 
brightly as now. It is notice able also, as Langley long ago pointed 
out, that tlnifl Btripped, the comploxioii ” of the sun would bo 
luai’kedly clniiiged from yellow I bIi wbito to n good full hlne^ bIuco the 
blue and violet rays live niiieli more powerfully absorbed than those 
at tho lower end of the spoetrinn. 

TIIM mWH HEAT. 

338. Its Quantity; the '‘Solar Constant.” By tho quantity of 
heat” received 1 )y tho earth from the Aim wo moan tho number of 
licat-unitH received in each unit of time by a square unit of Burfaco 
when tlie 8un Is in Urn zenith, 'riio licat-unit most employed by 
ciiglnccrs is the calorio,^ wliieh is the quantity of heat required to 
rnlBo tho temperaturo of one kilogram of water ono degroo ocntlgrado. 
Tt Is found by {d)Horvatlon that each square metro of surface exposed 
poi’pcndicularly to the sun’s rays rocolves from tho buii each minute 
from twonty-nvo to thirty of these calorie b ; or ratlier it do ho if 

a conHldorable portion of the sun’s heat were not b L opped by the earth’s 
utinoBphcrc, which absorbs some thirty per cent of the whole, even 
whoii tho sun is vortical, and a mneli larger proportion wlion tho sun 
is near tho horizon. This quantity, tiveniy-Jlim calorieH^ jjer square 
metre per niimito (using tho Biimllcr of tlio valnos mentioned, which 
certainly Is not too largo), is known ns tho “ t^olar Oonstant*” 

339* Method of determining the “Solar Oonataut," — Tho method 
by which tho solar constant la do tor mined is simple enough in prlii- 
oiplo, though ('ouiplicatcd with serious practical d I (11 cult lea whioli 
affect its accuracy * It is dono hy allowing « beam of auiiliyht of 
k 7 } 07 vn cr()SS‘’Reetion lo nkine upon a knoion wdyht of water {or other 
suheiance of hiown S})€c\/lo hml) for a hioimi length of lime^ and 


‘■For many BoloiUlflc j>urpo 808 tiio oiigliieerliiH calorlu Is limoiwonlontly 
largo, niid a amnllor ono. la employed, which roplacoa llio kilogram of water 
by tho (jram healed ono dogreo — the amallor onlorlo holng tliUB only of 
tho ongliKK^rlng unit, As Hinted by mnny writers (Langley, for liiataiioo), tho 
Bolnr constant la tho number of these small ealorioa roccivod per aquait) c^ntmeire 
of surface In a m Inn to, This would mnko Lhc nnmher 2.5 instend of 26. It 
would perhaps he boUor to bring tlio whole down lo tho '*o. g, s. ayatoiii” by siib- 
atitnitlng llio second for tho minulo; and this would give ub for tho solar cohstaul, 
oil the ‘^ 0 , g, 8. systoin," 0.0417 {small) calories per stfuare centimelvs par semnh 
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mectsiuivcj tlw use of tempejatiue It is nocossaiv, liowovor, 1o di'- 
terniiue and allow foi the heat leceived fiom otiu’i hoiucoh dining th« 
expeumeiit, and for that lost by radiation, Above all, the abaoib- 
ing effect of our own atiiiosplieie is to bo taken into account, and 
this IS the most dUbciilt and iincGiiain pint of the woilf, since Iho 
atmospheuo absoxption is continually cliangiiig isnth every cluingi' of 
the tianspaiency of the aii, oi of the sun’s aliiinclo 


0 


340 Pyrheliometeis and Aotmometers — Hio msti iiimmls wilh 
^\hloh the'se measniements aie made, aie known as ^‘pyihelimmdeis iiuil 



“actmoipoteis ** Fig 120 lopiesouts Iho p^i- 
heliometei of Pomllot, with wlndi in 1H3H Im 
made his doLonmnatioii of the sol ai roiiRbiul, 
at the same liino that Sii John Iloisclud >\as 
expeumontiiig at the Capo of Good Hope iii 
piactically the ftanio way 'riicy woie I bn 
fiist appaiently to uikUm stand and atiiioK tlin 
pioblom m a leasonablo inamioi The p>i- 
hcliomctei consists ossmitially of a littlo cybiii- 
ducal box ah^ hko a snub box, made of ilnn 
silver plate, with a diainetoi of one doeinudin 
and such a tlncknoss that it holds 100 gi aitiH 
of watoi The uppoi sniface m can* fully 
blackcnech while til 0 icst is pohshi'd as biill- 
lantly as possible, In tlio watoi is insmlisl 
the bidh of a debcatc iheimonietei, and ilie 
whole IS 80 iiiouiited that it can bo tin ni^tl In 
any duection so as to point it diicotly towai d« 
the him Tt is used by fimt bolding a Hcieen 
between it and the sun loi (say) livo uiiiiub'Sp 
and \Yatching the uso oi fall ol the moi c ui^ in 
the tliQimomeiei at ni llioio w'lll usually Im 
some slight change duo to the ladiatiim uf 
sniioiinding bodies bohmmi is tlicni ic- 


Ffo i9n PA,ni « t I, moved, and tlic sun is allowed lo kIiiho uijcmi 
1 eg yrie omuei the blackened Sin face foi Avo minutes, (ho 
^ hisliument being eoiitlnually turned innuj 

iZ trr l caloruool..| 

Tho cliffoieuco bol^^o<.„ llns n,.<l 
the eliange of the theimometei clmnig the fust five inimilos will rivo uh IIi<< 

rtiTtl" ^ T wiihght one decimolio m diainoloi hits laisi.d 

! of wate. ,« five minnte,. and wo.o it n,.( foi 

valu^of thITdlmI!£iT I'- 
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341. Tho second appartitua, Fig, 121, is Cio nctinometer of Violle, wliicli 
coMHiniH oE two concentric inefciil spheres, tlio inner of whicji is blackened on 
Llio iiisido, while tlio outer one is brightly polished, the space between the 
two being filled with water at a known temperature, kept circulating by a 
[Simp of Boino kind. Tho Uiornioficopio 


hoily in this caso, instead of being a box 
Oiled with water, is tho blnckoiieVl bulb 
of tho tliormomoter T\ and tho ohsor- 
viitioiis may bo made either in tho same 
way ns with tho pyibollomotor, or simply 




by noting tho dllToronco between tlio 
l^iniporabui’o Anally attained by the thor- 

Md 


momc-ter T after it liae oonsod to rise in 
tho snn’fl rays, and tho toinporatnro of 

Ibo water circulating in tho sholl. 

V 

ixS 


/ 

342. OoiTeotioTi for Atmospheric 
Absorption. — Tho correction for ah 
inospheric absorption is dobonninod by 
makiug observations at various altitudes 
of tlio BiHi betw(5on wmibli and liorizon. — 





If (be rays were hojtwf/(^tieous (that is, Kin. i2i, — vioiio’a Aotiuomoicr. 
all of Olio wavo-longtii), it would ho 

coniparivbivoly onsy to doduco tlio true correction and the true value of 
(bn Kolur constant. Tn faot, lio\Yovcr, tho vhihle solar spectrum is hut a 
small portion of tho whole spectrum of the aim*s radiance, and, ns Langley 
IniH HhoNYiijit is naocssary to dotcrinlne thecoefllciontof absorption separately 
for [ill tho rays of difforont wave-longlb. 

348 , The Bolometer* — This lie has done by moans of his BolometeiV 
an InstniinoiiD wliich is oapablo of indicating exoeoclingiy minute changes in 
the an Kun it of radiation vcoeivod by an extremely thin stnp of inetal. This 
strip is HO arranged that the least change in ils electi’ical resistance due to 
liny cliungo of tenn>oratnro will disturb a delicate galvanometer, The 
I ns trim ion L is far inoro sonsitlvo than any thermometer or even thermo* 
l[ile, and has the especial advantage of being oxtvoinoly quick in its re- 
sponse to any chaiigo of radiation. Fig. 122 shows it so connected ^\ith 
a spec ti’o scope tliat tho ohsorvor can bring to the bolometer, rays of 
Eiliy wiivo -length ho chooses. Tlio rays enter through the collimator lens 
Lj and Jiro then rofi'aotod by tho prism P to tho reflector My whence they 
arii sent l>ack to 7i, 

I.angloy lias shown that tlio correotions for atmospheric absorption deduced 
by oarlior observers aro all coneidorably too small, ami has raised the re- 
ceived vidno of tlio solar .constant from 20 or 25, which was the value 
noceptod a few yoai‘s ago, to 30. We liave, however, provisionally retained 
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the 25, as his new resiiUs, though almost cortiuuly correct, have uoD yei 
been uuiversally acccptecl, and perluips need verification. 


344. A less technical statement of the solar radiation may be 



made in terms of thick iicss of 
the quantity of ice winch would 
be melted by it in a given tinui. 
Since it requires about ei^iity 
calories of lumt to melt a kilo- 
gram of ice, it follows Mnit 
twenty-fivo calorics penninuln 
per square metre would liqinify 
in an hour a shoot of ice ouv 
metre i\quare and about ninv- 
teen milUmeiros thick. Ac- 
cording to this the sun^s limit 
would melt about 174 foot of 
ice annually on the oiirtldH 
equator ; or 130^ feet yearly nil 
over the surface of the G«rtli> 
if the heat annually re(!oi\'tHl 
were equally distributed in utl 
latitudes. (See note at oiul of 
the chapter, page 227.) 


wuim xtmii exprosaou 

.. ^ 1 ^ Energy.-^ Since according in 

0 known vnlne of the “mechanical equivalent of heat'' (Physion, n, 

09) ahorse-iwcomsponcls toaboutiO^^ enlonea pov iniiuiK., it, 

oilows that each square metre of surface (neglcotii.g the ai.-ab«ofp- 
u) ^ao^lh^ receive, when the sun is overhead, about two and onr- 
(hml horse-power conlinuoushj. Atmospheric abaori)tiou cuito tliin 
.lown to about one and one-half horse-power, of whicl, about one 
if fn.. w utilized by properly coaatrnoted jnacliinoi-y, 

V-nilovT^T’ r Kriessou and Mouchol (see 

Uigleys -New Astronomy-'). In Ericsson’s apparatus the re- 

tUvcThn 16 feet, collected heat enough to wf>rk n 

i ""S " W«S.to. about aixt, 

o» w fM Of a. ourfooo,if.«plo,oa <« „ 
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2 >erjticl heal wo^dd he able to hoist sixty tons to the height 

of a 

346. Solar Radiation at the Snu’B S\U’faoe. — If, now, wc estiinate 
tlm aiuoniit of radiation at the biiii’b Burface Itself, we come to 
Avliich iiro Biniply ninaziiig and beyond comprehenalou. It is 
necesHnry to multiply the solar constant o])servcd at the earth (which 
is at a dibitnncc of 93,000000 miloH from tho Bim) by the square of 
the ratio between 93,000000 and 438,260, the radius of the sim. This 
Hqimro la about 46,000 ; in other words, the amount of heat emitted 
in a minute by a square metro of the biiu*s surfaoo is about 46,000 
times a a great as timt received by a square metre at the earth. Car- 
rying cut tho calculations, wc find that this heat radiation at the sur- 
face of the sun amounts to over a milliou ctdorieaper square metre 
per vihiute; that it Ib over 100,000 horse-power per square metre 
(iontlmiously acting ; tlmt if the sun were fi'ozen over comjfetcly to 
a doqith of JlJhj feet^ the heal eviiUed is suffleient to viell this whole 
shell in one mimtle of time; that if an ice bridge could be formed 
from tho earth to tho Bun by a column of ice two and one-fourth 
miles BCiuaro at the base and extending across tho whole 98,000000 
of mllcB, and if hy some moans the whole of tho solar radiation 
conld bo concentrated upon this column, it would bo melted in one 
second of time, and in betwcon seveu and eight seconds more would 
1)0 dissipated in vapor, To maintain such a development of licat hy 
enmhuslion would i^otiulro tlio hourly burning of a layer of the best 
anllirctcile coal from sii^emi to twenty feet thick over the sun’s entire 
Hiirfaco, — a ton for every square foot of surface, — at least nine 
times aF 3 much as tho consiiniptioii of tiio most powerful blast fur- 
nace lu oxlstonco. At that rato the sun, if made of solid coal| would 
not last GOOO years 

347. Waste of Solar Heat, — lIieaG cablmateB are of course based on 
tlie uHHUinx^tloii tiiat tho buu radiates boat equally in all directions, and there 
is no asHignablo roaaou why it Bliould not do so. On this nssumption, how- 
ever, 80 Jiir 08 we can sec, only a ininnto fraction of tho^ whole radiation ever 
reaches fv reHtiug-plaoo, "^rho earth receives about taw.auuuo of the whole, and 
thn fithnr planets of tlio Bohir system, with tho oomots and the meteors, get 
also Miolr sharna ; all of them togotlior, perlmpfl ten or twenty times as much 
an tho oartli. Somotliing Uko of tlio whole Beoms to bo utilized ^Yibhm 
tho llmittt of tho Bolfir Rystoni. As for tho rest, soience cannot yet tell what 
bocoiuofl of it. A part, of coui*flo, maches distant Btara mid other objects in 
in tera tellur simoo] but by far the larger portion Reonia to be ‘‘ wasted/’ accord- 
ing to our Iniman ideas of wneto. 
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348. Ex[)Griinents with the tlicnnopilo, firat coiuUiuted by 11(3 nry 
at Princeton in 1845, show that the heat from tlie edges of tlio sua*H 
disc, like the light, is less than tliat from the centre — according 
to Langle 3 '’s measureinents about half as much. The explunatii^n 
evidently lies in its absorption by the solar atmosphere. 

34&. The Sun’s Temperature. — While we cun measure with aomc 
accuracy the qmmtUii of heat sent us ])y the sun, it is diffeiunit with 
its temperaiure^ in respect to which we can only say that it inuHt be 
very high— much higher than any temperutnre attainable by la town 
methods on the surface of the earth. 

This is shown by u 
number of facts, for in-, 
stance, by the great ub\m'- 
danca of ike violal and 
nllra- violet rays in tlio 
sunlight. 

PiQ.m Again, by \X\(s peneirfd* 

iiKj power of sniilight ; 
a large percentage of the heat from a common Are, for instance, 
lieing stopped hy a plate of glass, while nearly the whole of tbo solar 
radiation passes tin'ougli. 

The most impressive demonstration, however, follows from this 
fact; viz., that at the focus of a powerful burning-lens all known 
auhstauces molt and vaporize, as in an electric arc. Now at tlin 
focus of the lens the limit of the temperature is that which ^Y0^1<l 
be produced hy the sun*s direct radiation at a point where tho Biiii’jj 
angular diameter equals that of the burning-ions itself seen from the 
focus, as represented in Fig. 123. An object at F would th<?arot.i- 
cally (that is, if there was no loss of iieat conducted away by Htir- 
lounding bodies and by the atmosphere) reach the same tolllpG^atnl‘^^ 
as if carried to a point where the sun*s angular diameter eqnalB tlu^ 
angle LFIJ, In the most powerful burning-lenses yet coiistruotutl 
a body at Ilje focus is thus virtually carried up to within abonl 
240,000 miles of the sun’s surface, where its apparent diameter 
would be about 80°. Here, as has been .said, the most rofrn<*- 
tory substances are immediately subdued. If the earth were to ai>- 
proach the sun as near as the moon is to ns, she would melt and 
vnponzed. 



360. Enwaon m 1872 made an exceedingly ingenioim and iiitevestinK 
expeniuent dlustrating tho intensity of the solav heat. He floated a ciilon- 
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1 1 lie ter, contftining about ton ixiiiiula of water, upon the surface of a large 
iniisH oC inolUui iron by moans ot a raft of fire-brick, and found that tlm 
radiation of tlio motal was a trifle over 260 calories per minute for each 
KqunVG foot of Burfaoo ; wliicii is only part of fclio amount emitted by llm 
f+iuna area of tho siui'a auvfiicc. He estimated ilio temperature of the metal 
lit F. or \m^ C. 

361 . Effeotive TempevEiture. — Tho queatlou of tho suiFa temper* 
uturo is einbamisHert by tho fact that it 1ms no ojie tempera turo ; the 
toinporaturo ut dllYorciit parts of the solar photospliero and cln'onio- 
Hplioro inimt bo vory clifforoiit. IVe ovudo this difllculty to some 
extent hy Hubstituting for tho actual temperature, as the object of 
inquiry, what lias been called the sun’s effective tenq^erature ; that 
Ih, tlio teiiipomfciirc which a sheet of lamphlaclc must have in order 
to radiate the amount of heat acUially thrown off by the sun. (Phys* 
iulats have taken tbo radiating power of lampblack ns unit}/,) If we 
couhl (lu[)mul \\[)Q\\ tho laws ^ dedneod from laboratory experiments, 
by wdiloh It luts boon sought to connect tbo tompcratiire of the body 
with its mtc of vndiatlon, tho matter would then be comparatively 
Hlinplo ; from the known radiated quantity of heal (iu calories) w^e 
coiiltl compiUo the (ffedive lemimxdnYG in dogrees. But at present it 
is only by a vory uusatiHlactory process of extrapolation that wo can 
reaoh oonohmionfl, TIio aim’s temperature is bo much higher than 
any which wo can manage i!i our laboratories, that there i.s not yet 
ninch certainty to bo obtained In tho matter. Rosetti, tlia most 
recent Investigator, whoso rcsnlta seem to be on tho wliole the most 
probable, obtains 10,000*’ C. or 18,000*’ F. for tbo effective tempera- 
ture. 

362 . Oonstauoy of the Sun’s Heat, — It is nii interesting and tlnis 
far unHolvcd [iroblcm, whether tlio total amount of the sun’s radia- 
tion varies ])orci‘plibly at different times. Tb is only certain that the 
viiriiitionH, If real, lire too small to bo detected by our present ineans 
of observation. Possibly, at some timo In the future, observations 
on a inountiiln siiniiTiit above the main body of our atinosphoi e may 
Jmdde tho question. 

I A lumiher of eucli laws have been formulated; for hialRiicc, tlio well-known 
Uw of Buloug and Pollt (riiysles, ir. 470). Tim Fi'each phyeiclstB Poulllet and 
Vlcaire, UBing tlila fonmiln, have clcHliiceil vnluos for the anii^B efTectlre temper- 
nturo ranging from 1C0(F to il600° C. ErlcBuou mid Secohl, using is^ewlon a law 
of nullatlon (wlileli, liowcvor, la certainly inapplicable under the oircuinstEncea), 
put tho figure among Iho mllllona. Zulliior, SpiJrcr, and Lane give value* rang- 
ing frt)in 25,000° la 60,000° C. 
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It IS not unlikely that elianges ui the oaith*8 olimato such a« 
have given use to glacial and caibomteioiis peiiods nmy ultimately 
be tiacecl to the condition of the m\\ itself, especially to (diangcH in 
the thickness of the ahsorhiiig atmosplioro, winch, uh Ijiuiglcy has 
pointed out, must have a gieat in duo nee in the matte i Snieo the 
Chnstiau era, houevei, it is ceitaiii that the amount of boat annuallv 
leceived horn the siiii has icinained piactically uneluingcd 'Hus is 
infened fiom the distubutioii of plants and iiiiimals, wliicli i8 siill buIh 
stantially tlie same as m the days of Pliny 

363 Maintenance of the Solar Heat — The qiiostioii at ou(*ii 
nuses, if the san is sending off such an cnoimous quantity of luuit 
annually, how is it that it does not glow cold? 

(а) The sun’s heat cannot bo Icept up by eomlmslion Ah 1ms 
been said befoie, it would have binned out long ago, oven if intido 
of solid coal binning in o\ygen 

(б) Noi can it be simply a heated body tooling down. Huge ay it 
IS, an eab} calculation slious that its tempciatiivc must luive fallmi 
gieatly ^utlmi the hst 2000 ycais by such a loss of heat, oven if it 
luul a s[)eciric heat Inghei than that of any known substance* 

As inatteis stand at piosent, llie a\ailable theoiios sooin to bn 
leduced to two, — that of ]\ra 3 Gi^ which ascribes the solai heat to 
tlio enejgv cf nieteoiic mattei falling on the sun , and that of IIoliii- 
holtz, ^^ho finds the cause m a slow conliaciion of tho diainoUn’* 


364 Meteoiic Theoiy of Sun’s Heat —Tho Hist is banod on Iho 
fact that when a moving body is stopped, its mass-enoigy boc^oinoH 
luoleculai eiieigy, and appeals mainly as lieat. The amount of beat 
developed in such a case is given by the foimuhi 


m \^lnch Q is the inimbei of caloiies of heat piodiiccd, M iiio nmss 
of the inoung bod> m kilogiams, and Fits velocity in motii's 
pei becond , the denominatoi is the » mechanical equivalent of hemt^^ 
Physics, p 159) multiplied by 2 expiessed m metres ; , <l2o x 

2x9 31 

Now, tl\e velocity of a body coming flora any tonsUlorablo distanoo 
and falling Into the sun can bo shown to bo about S80 indcs per 
SQoniid . oi moi e than fil 0 Inlometi os A Iwdy woighi ng one kilogi iun 
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would there foi'G, on Rtrlking tlio aim with this volooUy, produce iibout 
45,000000 cn-lorles of heat, 

r ((]lQQQ0) n 

L 

This is GOOO times moi'C than could be produced by burninf/ it, oven 
if it were coal or Bolldifiod hydrogen burning in pure oxygen. 

Now, as metoorlo matter is coiitlmuilly falling upon the earth, it 
must bo also falling upon the sun, and In vastly greater quantities, 
and an easy onleiilation shows that a quantity of meteoric matter 
equal to of the earth's mass striking the sun’s surface annimlly 
with the Ycloeity of GOO kilometres per second would aeconi\t for its 
whole radiation. 

366, Objections to Meteoric Theory of Sun’s Heat. — There can bo 
no question that a cerUdu fraction of the sim’s heat is obtained in this 
way, but, it is very improbable tlmt this fraction is a largo one; 
indeed, It is hardly possible that it can be as much as one pe?' mU of 
the whole. 

(1) The annual fall on tho sun’s Hurfaco of such a quantity of nioteorlo 
matiter iniplios Lho prcHcnco ticrtr tlia suii of ii vastly greater mass; for, ns wo 
sliall see Imroafter, only a few of tlio meteors tliat approach tho sun from 
outer space would strike the Burfaee: most of iliein would net lilcc tho 
comets and swing around it without touching. Now, If ihoro were any 
co\isidoral>lo quantity of sucli niathir mnr the sun, tliere would result dls- 
turbancos in tlm motions of tho planets Aforoury and Vouius, such us nhs(U‘- 
vation dons not reveal. 

(2) Profijssor rdreo has shown further tliab If tho licat of tiie sun were 
produced in this way, tho oartli ought to receiviJ from tho inotcorH that strike 
her surface almiit half as much heat as sho gets from the suii, Now tho 
quantity of iiiehiovlo matter wliieh would have to fall iqx)u tho oavtli to fur- 
nish us daily iialf ns muoh Imat as wo receive from tho huh, w'duld amount to 
nearly fifty tons for caoli square mile. It is not likely lluit wo actiinlly got 
fuisj of that amount. It is {llflloult to dotonnlno tho amount of litiat which 
tliQ earth actually does rcoelvo from moteorfl, luib all observabious iiidicato 
that tho quantity is oxiromcly small. Tlio writer has estimated it, from 
tlio host data attain able, as less In a year than we get from the sun in a 
sccotuL 

366. Helmholtz’s Theory of Solar Oontraotion. — Wo socm to bo 
Bhut up to the theory of HeliiihoUz, now almoBt iiiitverBally accepted; 
namely, that the heat neoeasary to maintain the BUii’a radiation Is 
principally supplied by the aloio coiUmcilon of Us bidki aided, however, 
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by the ftccompanying liquefaction ami soli cl ifl cation oC ])(>i Lions of its 
gaiseoiis mass When a body falls tlnongh a cerLiim disLanccj [jnidn- 
alhj^ against lesistanco, and then comes to icsL, tho same total ainomit 
of heat is pioduced as if it had fallen JtQely^ and boon stopjml in^lanihj 
If, theii» the sun does oontiact, heat is nocossarily piodiicecl bv the 
pvocesa, and that m enounoiis (piantity, since tlio attiaeUng foiro at 
the sola i am face is moie than ti\cnty-sevGn times as gieiit as teiios- 
Uial giavity^ and the contiucting mass is immense Tn tills \)\o 
cess of conti action each paiticle at the sin face inovoa inwaid by uu 
amount equal to the chmmiition of the sun’s radius * n pai tide below 
the smface mo\es less and undei a dimimslied giavilating foiee , but 
eveiy paitiole m the whole mass, excepting only tlial at the exact 
centie of tlie globe, coiitiiliutes something to tho evolution of Iieat. 
Ill oidei to calculate the precise amount of heat ovohod by a giviui 
shunlcage it would be necessary to know the law of inoieaso of tlio 
sun’s density fiom the smface to the contio, but llolmhoU/ lins 
shown that nmUi the most unfavoiablo conditions ct umU action m ilio 
sun's (hcnnetei of about tiio hnnihecl avd /ifhj feet a year (125 feet in 
the sun’s KtrteHs) would aiiomt Jor the voliole annual output rfheaf^ 
This eonti action is so slow that it would lie quite Impel coptible to 
obscL^ation, It would leqiiiie moic than 9000 voais to lediico tbo 
&un s dmmetei hy \ single second of aie , and nothing mu eh lesH 
would be ceitainly diteetable bv oiii ineasuicmcnts If the can- 
t) action ts mte lapid than ihis^ tho mean toinperatiiio of the sun 
must be actually using^ notwithstanding tho amount ol lieut it in 
losing Long obseivation alone can deteimino wlietliei tins is really 
the ease oi not 


‘It IS a lemaikable fact, fust domoiisiialod by 
vane o W ashington, in 1870, that a gaseous spheie, losing lioat by \ adialioii 
sin coiitt acting umlei own giavity, me m tempeialwe amt atlitaUa 
grow hatter until it ceases to be a <‘peifeet gas,’* cither by beginning to 
iquef^ ,01 by reaching a density at ^Yllich tho laws of poifecb gases no longer 
hold The kinetic eiieigy developed by the sliimkago of a gaseous mass 
IS inoi c than sulTieient to leplace the loss of heat whicli caused tijn slij In 
age. Ill the ease of a solid oi hqtnd mass this is not so. Tlio sluinknuo 
of such a mass contiactmg mulei its own giavity on account of tho lo 4 s 
of heat nmei sufficient to make good the loss ) but tho teinpoiatmo fnlh 
and the body cools At piesent it appeals that m the sun the icLitivci 

neailv Tnr liquids aie such as to kee}! tho lempeiatmn 

i milvsfatioiiaiv,the liquid poitions of the sun being of comse tho liUlu 
diops which aie supposed to constitute the clouds of the pbolusplioio 
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368. Future Duration of the Sun. — If this slirinlcngo theory of tbo 
Hohir heat U correct (and there is every rouaoii to accept it), it follows 
tliut \[\ time the sun*B heat muwt come to an end, and, looking back- 
waidh, wo a 00 that tliorc mimt have been a beginning. 

AVo Inivo not siilhciont data to enablo ii8 to calculate tho future 
iliiration of the Hint with oxactnoss, though an approximhto cBthnate 
iwn he initde. According to Nowcoiub, if the snn nmintaliiB its 
proHont radiation, it will have ehnink to half Its proseiit diainotev in 
iihoiit 6,000000 yoiviB at the longest, Since when reduced to Uiia 
hVAi) It iniibt. bo alrnut clglit timcB aB dense as now, it can Imvdlv 
tluin continue to bo mainly gaueons, and its toniperuture must begin 
U) fall. Newcomb’s conoliiBion, therefore, Is that it ia not likely 
that tho Him can continno to give snfllclont heat to support such life 
on tiio oartli as wo are now acquainted with, for 10,000000 years 
from the present time. 

360. Age of the Sun. — As to tho past of the solar history ou this 
liypothCHln, wo can bo a little more doll ni to. It ia only iieoeasary to 
know tlioproBonb amount of riuliatlon, and tho ninfis of tho sun, to eom- 
[mte how long tho solar llro cun liavo boon maiutaiuod at its present 
IntenHlty by tlm proeossos of condensation* No conduslou of geom- 
etry Ih more (;crtalu than this, — that tlie contraotlon of the sun to its 
jircHent size*, from a diameter even many times greater than Nep- 
tune’s orbit, would have furnished about 18,000000 times as much 
boat ns thp sun now supplica in a year, and therefore that the sun 
cannot have been omitting lioat at tha rale for more than 

18,001)000 years, if its heat has really been generated in this maimer, 

lint of coui-SQ tldfl oonolusioii as to tlio poaslblo past daratiem of the aolsr 
HyHtoiu rents upon tho assumption tliat tho sun hnfl derived Its heat solely hi 
this tmy; and moreover, that it radiates heat equally in all direetiona lu 
spams — asHiimptiouH which poaslhly further Invcatigatioiifl may not confinn. 

300* Oonstitutlou of the Sun. — («) As to the natiiro of the main 
liody or nuclcim of the sun, we cannot bo said to have certain knowl- 
edge. It is probably f/fweoM.s, thifl being indicated by its low mean 
density and its high tomporatnro — onormonaly bigli even at tiie sur- 
face, whore it is coolest. At tho same time the gaseous matter at the 
nuohniH must bo In a very different state from gases os we commonly 
know thorn in onu laboratories, on accoimt of tlie intense heat and the 
oxtrciUQ conclouurJLoji by the enormous force of solar gi'aviLV. Tlio 
central mnsB, while still strictly gascons, because observing the thrqe^ 
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physical laws of Bo 3 le, Dalton, and Gay Liissao, which chai'acteu/A‘ 
gases, would be denser than watei, and viscous ; piobably somotluiig 
like tai 01 pitch in Lonsistency ^ 

While tins doctiine of the gaseous constitution of the huh is 
ally assented to, theie aie still some who aio disposed to consulci 
the gieat mass of the sua as liquid 

361 (b) Tlie lihoiosphe) e is piohablv a shell of mcandoscenl 
foiinedb^ the condensation of the vapois which aio exposed 

to the cold of space 

362 (c) The photosplienc clouds float in an iitmoHi>heie contain- 
ing, still uncondoused, a consideuible quanliti of lltv same vapots 
out of xihch they themselves have been foimedy just an in our o^Mi 
atmospheie the air aiound a cloud is still saiuiatod witli water vapoi 
Tins \apoi -laden atmospheie, piobably compaiativelv shallow, consti- 
tutes the 'ieoeismcj layeu and by its solccUve absorption pioduci‘4 
the dark lines of the solai spectiuin, while by its general absorption 
it piobably piodnces the darkening at the Innb of tlie sun 

But it ^mU be leinembeipcl that Till* Lockyei and othois am disposed ((» 
question the existence of any such shallow ahsoihing slutluin, consuhu tug 
that the absoiption takes place m all legions of ilic solai alniospliem even 
to a gieat elevation 

363 (d) The chomosplme and pxomxnences arc composed of 

t\\Q pemianent gases^ mainly hj^drogen and holinm, which aic min- 
gled with the vapoi 8 of the levoiaiiig stiatiim in the logion near tlui 
photosplieie, but usiially use to far gieater elevations ilnui do tho 
vapois The appcaiances aie for the most pait as if the chromo- 
spheie was foimed of jets of heated hydiogeii ascending tluougli ilm 
mteia paces between the photospheuc clouds, like flames plaviim over 
a coal flic. ^ 


^ The law of Dnlton (Physics, p 181) is, that any miiubcr of dlfLoient gases ami 
vapois tend to distubute ihemselves thoughout the space which ihoi/ occupy in common, 
pach as It the oiheis luie absent The law of Boylo or Mailotte (l^hyslcs, p 110) 
IS that al any given tempeialure the volume of any given amount of gas vai les imci Wi/ 
iw e piessure, le, pu— pV The law of Gay Lussao (PhyeicB, p 18C) la, 

umlci umfoim 

rrnll T'T;'" + of In 

“team in a evaporatod} for instance, of 
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364. (g) The corona also rests on the photosphere, and tlm peculiar 

green line of its spcctriim (Art. 829) is brightest Just at the siiifnce 
of tlio photosphere, In the rover Bing stratum and in the chromosphere 
Itaolf ; but the corona ex tends to a far greater elevation than evei^ 
the pi'omlncuceB ever roach, and seems to ho not wliolly gaseous, 
but to contain, \)o^idcH the hydrogen and the mysterious ^covoniiim,” 
dust find fog of some sort, porlmpa meteoric. Many of its phenom- 
ena are as yet nncxplulncd, and since it can only he obson-ed during 
the brief inomoiita of total solar eollpaes, progress in its study is 
necosftftrily slow. 

304 ^ . Note to Article Jidd. The total heat received by the earth from the 
8 UI 1 ill any given time is that iutorceptod by its diametrical cross-section, 
t.e, by the area of one of its gi’oat oil'd es kept ahvaya perpendicular to the 
buu’h rays. Tim quantity of ico wliloli would be melt^ed amiu^lly on this 
circular piano by llio solar rays would bo a sheet having a thiclniess of 1C6,5 
mo ties or GIO foot (10""’ X 2d X 805|= 100,o'”‘). 

The IhlclcncKH of the ice which could be melted in a year on a narrow 
O(iual.orial belt would bo 5i[l!!,or 17d^ since eucli a belt intercepts the rays 

TT 

that would otborwiso fall on a diainotnoal stnp of the same width upon the 
oiroulnr plane, 

If the sun’s iioat wore \mifonnIij diatributod over the earth’s whole surface, 
whicii equals four groat oirclos, (d Tri?*), it could melt a shell liaving a tliick- 

of or 18(U^ 
d 

Tt is true Unit at the sea-lovel the solar-constant is much diininiBhcd by 
atmospliQvio absorption j and probably does not exceed fifteen calories per 
miiuito diyecllij roooivod from tlio sun’s rays. But a large part of the solar 
heat absorbed by. the atmosphoi'Q reaches the earth’s surf a s inflirecUyt so 
Ihab it must not bo considered as lost to the earth, because not directly 
inooBurablo by the aotluometor, 
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^ CHAPTER X, 

EPLIPSES* EOBM AND DIMENSIONS OXi* SHADOWS. — LUNAR 

ECLIPSES. — SOLAR ECLIPSES. — TOTAL, ANNULAR, AND PAR- 
TIAL — POLEPTIO LBEITS AND NUMHEH OIP EOLIPHEB IN A 

YEAH —THE SAROS. — OCOULTATIONS, 

366. The woicl eclipse (Gieek 6KAai/f6s) is strictly a niocllcal teim, 
meaning a faint oi siooon Astronomically it is applied to the daik- 
emng of a heavenly body, especially of the sun or moon, though 
some of the satellites of othoi planets besides the oaith aio alHO 
^‘eclipsed*’ fiom tune to time An eclipse of the moon is i^aimod 
by its [msago tlnough the shadow of tlie earth , an oolipso of (bo 
Siui, by the intei position of the moon between the sun and the 
seiver, oi, what comes to the same thing, by the passage of the 
moon*s shadow over the obscivei 

366. Shadows — If mteiplanetaiy space were slightly dusty, wo 
should see, accompanving tlio eaith and moon and each o( tho 
planets, a long black shadow piojecting holund it and travelling 
with it Geometueally speaking, this shadow of a body, tlic oaitli 
foL instance, is a solid — not a sin/«cc It is the fiom wliudi 
sunlight IS excluded If we legiud the sun and othei hoavoiily 
bodies as tuih spheiical, these shadows aie con('S with llioir iixi'h 
in the line joining the centies of the snn and the shadow-casting 
body, the point being always dueotod away fiom llio sun, hecaiiHC 
the sun is always the laigei of the two 

367. Dimensions of the Eaith’s Shadow. —The longlh of the 

shadow IS easily found In Fig 121 wo have fiom tho Kiniihii 
tuangles OED ami EOa, OD Ea . or I OD is tlio dif- 

feience between the ladii of the sun and the earth, == - r. 

Ea = ?, and OE is the distance of the eaith from tho sun t= A. 

Hence A -A-- A, 

108 6 

(Tlie fiactioiml factoi is const int, since the radii of tho snn mid 
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inu'tli iii’Q flxutJ qmintltios. Substltutlug the values ot tlio radii, wo 
llnd it to This gives 857,200 ntUoa for the length of the 

cartli’s shadow when A line its mean value of 03,000000 miles, re- 





gardlnj^ tlio earth m. a perfect Bplicro aud taking its mean radius. 
TIiIh length varies about 14,000 miles on each side of tlie mean ns 
the oartli changes Its distance from the sun. 

'i'lio Konii'aiiglo of the oono (tlio angle ECby or BCD in the figure) ia 
foiDul as follows. Bliice OBB is exterior to the triangle BECi 


OBB^ EBC^BCB, 


or BCE= OEIi^-EBC. 

Now, OHJ) Is the MHa’s ajtparcnl scmi-tlkuneter as seen from the earth, and 
BBC Is the oartliN sinnl-diaiuotor as soon from the sun, which if the same 
tiling ns Iho 8Hn*s horizoutal parallax (Art. 8li). 


Putting B for the snii*H semi -diameter, and ;; for its parallax, wo 
have — 


Scniiwinglo at 0=5 — p,^ 


From the cone aOb all sunlight is oxcliidod, or would be were it 
not for the fact Unit the atmosi)hcro of tlie earth by its refraction 
lieiids Boino of Mm rays Into this shadow. The effect is to make the 
shadow a little iai*gGr in dlamotor, but less perfectly dark. 


308, Pouumhra, — If wo draw' the llncB Ba and crossing at 
CP between the eurth and the sun, they will bound the pBnumbvct, 
thill this space a part, but not the whole, of the sinilight is cut off : 
an observer outside of the shadow, but within this cone-frustnin, 


1 Alfio an cKprcaalon sometlmofl nioro oonvenient than tho one 

' flln(^y— J)) 
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wilieh tapers toimvds the sim, would soo the earth as a hlaolv hndy 
eucroacliing on the sun’s disc. The semhaiiglo of the i)cnuml)ra ivV,’'u 
is easily shown to be S 

369. Althongh (jeoimtrkally the boiniclnrlGs of tho f^Undow and 
penumbra arc perfectly definite, tlioy are not so optically. If a 
were placed at M (Fig. 124) perpendicular to the axis of tho Hhadon^, 
no sharply defined lines would mark the boundaries of either Hlnuit^w 
or penumbra; near the edge of the shadow, the penuiDbru would 
be very nearly as dark as the shadow itself, only a incro Bpock of llin 
sun being visible there ; and at the outer limit of the penumbra Urn 
shading would be still more gradual. » 


370, Eclipses of the Moon. — Tho axis of tho eartli’s slnulnw in 
always directed to a point exactly opposite the sun. If, then, ut tim 
time of full moon, the moon happens to bo near tho ccliptio (that in, 
not far from one of ilio nodes of her ovhU^f she will paBs into 
shadow and be eclipsed. Since, however, tho moon’s orbit in hufiincil 
about five and one-fourth degrees to tho plane of the Qcjliptlc, thin 
does not happen very often (seldom more than twice a year) . ( )i'di- 

narily the moon passes north or south of the shadow without tonoli- 

ing it. 

limnv eclipses are of two kinds, — partial and total: totnl whon 
the moon passes into the shadow completely j partial wjicn she govH 
so ai to tie noith or south of the centre of the shadow that only u 
portion of her disc is obscured. 


the ^ f r ^vhen she passes meroly thnmgli 

of lirf k r" I'owos-tn-, Ll.n l.t.s 

tint an ob aa and so slight, im loss she almost gimos thci sJnulnw, 
Hiat an observer would notice nothing unusual. 


»«»11 , ‘•J"*'* « *» r«‘"‘ ''Her, ao Moon 

c r«“ 0^^ *s».0<>0 n-noo, 

nMhift ' Jndes, and the semi-diameter of tho ahiubiw 

niilPR ’ T gives 28r,4 

S ''“"O'O' O' i.,„ 

tlinn Uiree tiaieansV.m*ia'Hle^m “'""'o" “ sometimes m.ii-o 

twice its si?e. ^ hardly moro tliiin 
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372 . Wo niay reacli Uio sanio romilt lii aiiothdi way. Conaidering tlio 
trinnglB Fig. wo Imvo tlio aiig\ilar Honil-diamoter of the cross- 

Hoofcloii of \]w ahadow whoro tho moon passes through it, as Heen from tlie 
earth, roproHoiitod by il/Z^iV, 

lint ENa ^ MEN>^ EON-, 

wheiKio MEN=z ENa • • ECN, 

Now ENa is tlio sciiii-cUainutiir of tho oartli as Been from the moon ; that 
Is, it iw Llio iuoc)u’h horizontal parallax y for winch writo P. llonce, substituting 
for EON its viiliio S^p, wo get 

MEN:=P-{’P^S. 

♦ 

AIEN is ciilhnl tho rudliis of the sluidow.” The mean value of P is 57^2^^; 
of /), 8'', 6; inid of Sy 1(1' 2", whlcli luakoB tho moan vaUio of AIEN=*1V 0", 



"11 10 luouu vahuj of tlio iiioon*H apparent soinl-{Uamotor is 15' 40", bhu ratio 
1 ) 0 tween tho RouiMliamotor of tlio moon and tho radius of tlie shadovr being 
about iiH iiQfoi*o. 

Tn ooinpiUh)g a lunar oolipao, thia angular value for tlio '‘radius of tho 
filiudow,’* ns It is onliod, i« inoro coiivonloht than its value in miles. It is 
imstoiiiary to liioronso it l>y aViout imrt In ordor to allow for the effect of 
tho ourth's atniosphovo, tho vahio ordinarily uaod bohig {P S). 
iSoino computers, liowovor, iiao fi,’ and others On accoiuibof the indis- 
liiudiJL'ss of tho odgQ of tho shadow it is not easy to doterinine \Y])ab pi'eoise 
Yuluu ought to bo omployod, 

373. Duration of a Lunar Eolipso. — Wbon central, a total eclipse 
of tho moon may, all tliliigB favoring, coiitlniio total for about two 
liDurH, the interval from tho firet contact to tho last being about two 
lioiira nioroi This depondB upon tho fact that tho moon's hourly 
motion Ib nearly equal to its own niamefcor. Tho whole interval from 
Hr at contact to last Ib the timo occupied by the moon in moving from 
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a to d (Fig. 126). The tolahly lusts wlulo it inovos fioin to r 
The cluiation of a non-ccntml eclipse viuics, oi coiuse, atcouhng to 
the paitof the shallow tlnoiigh which the moon pusses, 



874 Limai Eoliptio Limit > — The luiiui* e(U 2 )tiG limit is the gieat* 
est distance iiom the node of the moon’s oihil at which the sun 
can be consistently i\ith having an eclipse Thm limit depends upon 
the incUnatioa of the moon’s oi In which vanes a little, and also upon 
the ladiiis of the sluiclow at tlie time of the eclipse and the moon’s 
appaieut scnii-diamciet, which quantities aie still inoio viusable. 
Ilencc wo ieoogni/,e two hmils. Uio mnioi and minoi. If the dm- 
tance of the sun fiom tiu* node at the time of iiill moon exceeds tli(‘ 
major hunt, an eclipse is impossible; if it is less than the minor, an 
eclipse IS incvUiible The m ijor Imntis found to be 12° lb' , tlie niinoi , 
9° 30' Since the sun passes ovei an aic of 12°1.V in less than 
tliutcen days, it follows that an eelipso of the moon eiinnot possdily 
take place moic than tliiitocn days bcfoie oi after tlio time when the 
sun ciosses the node* 

376 , Tn Fig 127 let A^E ho the ecliptic, and NM tlie mint of the mooii^ 
the point N beincr Ihe noile, and the angle at N tlio iiu Imiilnm ol the iiinnn's 



I’lu 127 “> Lunar hollpllo J Unit 

orbit E IH the oentie o£ tho oai til's shiulow Tlii' min, ot oouiho, ih i1iii>(MI\ 
opposite, and its distance fioni tho opposite node is equal to EN, is llio 
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coiitro of ilio moon. Call tiio .^onu-dlaineiQi' o£ tlio moon ^S'- then EM (the 
grofttoflt poHftit>ln difttiinco between E and M which ^>erinits an eclipse) ecjunJfl 
tho mim of tlio Honh-diatnotom of tho moon and slmdow, or 
and tiio CO n-ortpon cling ecliptio limit EN is toiiiul by solving the spherical 
triangle MN'Ef iiaving given ME and the angle at which ig about B]-®, 
Wo must also know ono other angle, and with siifllolont approximation for 
Huoh purposort ^Y 0 may regard tho angle at M ns a right angle. The soliilion 
will give tim value of tho eoliptio limit by assigning the proper values to the 
(quantities involved. Tim limit is always voiy nearly eleoen times EM, be- 
ciiiiso tlio incliiiutiou of the moon's orbit is nearly of a ‘h’adimi.'* 

3T8. Phenomena of a Total Lunar Eclipse. — Half m hour or so 
bofoiji tlm moon reuuhe« tlio Hhadow its eastern limb begins to bo 
gonslbly darkonod, and tho edge of tho shadow itself, when it Is first 
roaoliod, looks nearly blade by contrast with the bright parts of the 
mgau*H Hurfaco. To tho nakocl oyo tho outline of the shadow appears 
roasoiiubly sharp ; but Avith ovon ii sinall tclcscopo it is found to be 
indofinibo and hu/.ys and with a laigo instmmont and l)igh fnognifying 
power It bocomos "entirely indtafclnguislmble. It is imposaiblo to do- 


A 



Kill, 138 . — Light bout liUo KRUirs Slmdow by llafraolloD. 


tormlno tho exact moment when tho edge of the shadow rcachos any 
piivtioiilai- Lioiiit oii tlio uiooii witlun halt ii miniito or so. 

Attoi tlm 1110011 luw wholly oiiUirod tho shadow hov disc is usually 
still dlHlliUitty vislblo, illuminated with a chill, copper-colored light, 
wliluli is siinllglit, dodectod ai-ound tlio earth into thoisliadow hy the 
I’oftiietlon of one own iitmosplieec, oe rather hy that [lortlon ot onr 
atiuo8i.lioro wliloli ilos wIUilu ten oe flftcen inllcB 7’- 

Itvco. Hlneo Uio oi'dinney hoeizoutal eofeactlon is 84 , It follows that 
light wliioh just gimoB tho earth’s eiirfnco will be bent Inwnttls by 
twice that iinioiiiit, oe 1“ 8'. Now, tlio nmxlmmn ‘'tadlm of the 
shadow ” is only I" 2'. In nn oxteomo ease, tbeeofore, otbh when 
tlio moon Is exivotly central In tho largest possible sliadow, 
aomo sunlight coming ftvonnd tlio edge of tho oartb, as sho n y 
Flir. 128. To ail obHorvor sfcatlopcd on tho moon, tho d ao 
;Si wLd appear to ho sneeoimdod by a narrow -ug of ^ant 
Biuialiliic, colored witli sunBot linoS by tho aamo vapois 



234 


EOLIPSIQS. 


teri’Gstl’ial sunsets, but acting with double power because the light 
has tiayer^ed a double Ihickncss of our air. If the weatlier hap- 
pens to be olcav at this portion of the earth (upon its rim us soon 
from the moon), the quantity? of light transuntted through the at- 
mosphere is vQvy considerable, and the moon is strongly ilhimi- 
iiated. If, on the other hand, the weather liappons to be stormy 
ill this region, the eloiicla cut off nearly all the light. In the lunar 
eclipse of 1886 the moon was absolutely invisible to the naked eye, 
a very itnusual olrcnmatancc on such an occasion. At the eclipse 
of Jan, 28, 1888, Pickering found that the 2 }hotog)XiphiG jiower of 
the centrally eclipsed moon was about xni^'u^'O' moon 

wlicn luioclipsed. 

377. Uses made of lunar Eolipses, — Tn asti'ononiicul importance a 
lunar eclipse cannot bo at all compared with a solar eclipse, It has its usesj 
liowever. a, ^lany dates in clironology are fixed by voforouco to certain 
Umar eclipses. For instance, the date of the Cl iris ti an ora is determined by 
a limavoclipso which happened upon the niglit before Herod died, h, before 
better inotliods were devised, lunar eclipses were made use of to some extent 
in dotoriniiiing the longitude. Unfortunately, as lias been said (AH, 110), 
it is impossible to note the critical instants with any degree of accuracy, on 
account of the indofiniteness of the earth’s shadow, c, The study of the? 
Hpootruin of the eclipsed moon gives us sonio data ns to the oonstitution of 
our own atmosphere. Wo are thus enabled to examine light which has 
passed through a greater thiclcncss of air than is obtaiuablo in any other 
way. (I, The study of the heat radiated by the, moon during the dilferent 
phases of an eclipse gives us Bomo important in formation ns to the aUsorh- 
iiig power and toipperaturo of its surface. Observations have boon mado 
at Lord Hosso’s observatory of all the recent Umar Gclipscs, with this cud in 
yiew. e. Finally, at the timo when tiio moon is eclipsed, it is iiossiblo to ob- 
serve its passage over small stars which cannot bo seen at all when near the 
moon except at such a time. Observations of tlioso star occultations made 
at di If orout parts of tho earth, furnish the host possible data for computing 
the dimensions of the moon, its xmrallax, and for detoriuining its x^vecise 
position in ihi orbit at tho timo of observation. Tho eclipses of tlio last 
few 5 ^ears have been very carefully observed in this way by concert botwcou 
tho different leading obsorvafcovies. 

378, Computation of a Lunar Eclipse. — Sinoo all tho phascB of 
a lunar eclipse are seen everywhere at the bruio absolute instant 
wherever the moon is above tho horizon, it follows that a single com- 
putation giving tlie Greenwich times of the dilTercnt phonomoim is all 
that ia needed, and can be made and published once for all. Kacli 
observer has merely to correct the predicted time by simply adding 
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or Ilia longitude; from Greonwloli in order to got tho 

true locftl tiiiio. Tim eoinimtation la vory aliuple, but lies nithor 
boyoiid the acopo of tliia work. 

HCLll’SES OF THE SUN. 

370. Dimensious of the Moon’s Shadow. — By the same method 
im that iiacd for tho almdow of the oiirth (inoroly Biihstitiiting lii the 
foriiiiilm the riidiuH of tlio moon for that of the earth), wo lliid that 
the length of the iiiooii’a elmdow at any time la of its distnuco 
fi'otn tho Htin, and at now moon averages 282,150 niiles. It varies 
not quite 4000 miles caeli way, and so ranges from 230,050 miles to 
228, .800. 'I'lie seini-anglo of tho moon’s shadow Is practically equal 
to tho soini-diinnoter of tiui sun seen at tlio earth, or very nearly 16'. 


380. Tlio Moon’s Shadow on the Earth’s Surface. — Slnoe the 
nioaii length of tho slimlow is less than tlio' mean distance of tho 
mwm from the ciirth {which is 288,800 miles), It is obvious that 
on Old av('.mje It will not roach to tlio earth. On account of the 



oocontriclty of the moon’s orbit however, our flatellito is much of 
tho time eoimldenihly nearer tliaii this mean distance, and may eomo 
within 221,000 inilos from tlio cnrtli’s centre, or about 217,660 
miles from its snrfmse. 'J’ho shadow, also, under favorable oironra- 
HUmuuH, may have a longlb of 28(1,050 miles. Its point may thcro- 
foro at times oxtond nearly 18,400 miles beyond the earth’s surface. 
The evoss-seiitlon of tho shadow whore tlio oai'th’s surfaco cuts It ^ 
(at o in Fig. lUh) will Hwni l*« 167 mllos. This is the largest value 

liOHsihU. 


(If (MjarKc, if tlm slmdow strikes oliliquoly on tlio Burfaoe of the earth, as 
it must exeept wlimi Urn moon Is hi tin; wmltli, tlio slmdow spot will be oval 
Inslimd of elrmdar, and l.tie loiiKtli of 'ws' *o earth s surface may 
nmoli (ixeeod tlio li'ue eross-suotlon of llui sliadow. 


381. Tho " Negative ’’ Shadow. - .Slneo the distance of tho moon 
may bo as gi-oaO as 252,070 miles from tho oartli’s centre, or ueary 
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240,000 miles from its surface, while the Bliadow may bn ns short an 
228,300 miles, we may have the state of things iiKliciiLcil by placing 
the earth at B in the iigure. The vertex of tho shadow, F, will then 
full 20,700 miles short of the surface, luid tlio uross-sectiou of tlio 

shadow produced** will have a diameter of 196 miles where the 
earth’s surface cuts it. When the shado^v fulls neur tlu^ edge of the 
earth, this cross’^section may be as great us 230 liiiles, The slnulow- 
spot which la formed by tlie intersection of tho produced shudovv- 
cone with the earth’s surface is sometimes called the netjalivc shadowy 
because in calculating an eclipse its radius comes out from tbo fonnulco 
as a minus quantity in case tlio shadow does not reach the earth. 

382. Total and Annular Eclipses. — To an observer within tho 
true shadow cone, that is, between Fund the moon in Fig. 129, thn 
sun \vill be toialhj eclipsed; but an observer in the produeed conn 
beyond Fwill see the moon projected on the sun, leaving an mi- 
eclipsed ring around it. He will luive what is culled an anmdat 
eclipse. These annular eclipses are consid(U’ably more frequent than 
total eclipses— nearly in the ratio of three to two. 


883. The Penumbra and Partial Eolipsos. — Tlu 5 penumbra can 
easily bo shown to have a diameter on the line 01) (l<'ig. 129) of v(U\v 
nearly twice tlit moon’s diameter. We may take it as having nn aver- 
age diameter at this point of 4400 miles ; but us the ourth is often bc- 
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youd F, its cross-section at the earth is Bometimes us much as 4800 
imles. All observer situated within tho ponimibra oliscrvos a purtinl 
colipse ; if he is near the shadow cone, the sun will Im mostly covoiumI 
W tUc mo9U i butie near the outer limit of tl.e penambm, the moon 
only slightly enoroach on the sun’s disc. While, tlieroforn, totii! 
ami aunular ee hpses are visible as such only by an observer within 

wm Z .u «''«low.si,ot, the sanio eeliime 

will be visible as a partial one everywhere ivitbin ‘2000 miles <.n 
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oitlicr side of tliQ sluulow piith ; luul tlio 2000 uiilos Is to bo vcok- 
onad perpendicularly to the axis of tho slmclow. When, for Instance, 
tliu ponninbm fulls, as shown In Fig. 130, Urn cliatniico BO measured 
along the earth's surface will bo over 3000 miles, ultlioiigb BF Is oiUy 
2000 . 

384, Veloflity of the Shadow and Duration of EolipBes. — Hio 
moon advaneos iiloi»g its orbit very noarly 2100 inlloa tin hour, and 
wore it not for tlio earth’s robitlon this ia tho rate nt which tlio 
shadow would pass the obsorvar. 'L1io cartli, however, is rotating 
towards tho oast in tho sanio general direction as that In which tho 
shadow movoH, and Us Burfuco inovoa at tho rate of about 1040 



Fiq. ini. — Traok of the Moon'i Bluulow, XCcIlpae of Jnlyr 


inlloB an hour at tho equator. An observer, tlioroforc, on the oartli’s 
orpiator, with tho moon near tlio zonlbli, would be passed by tlio 
shadow with a speed of about lOHfl miles per hour (2100 — 1040) ; 
and thlH is Us sloweHt velocity, which Is about equals that of a 
cannon -ball. 

In higher latitudes, whore the velocity of tho earth's rotation is loss, 
tlio relative speed of the shadow Is Idgher ; . and wlioro the fllmdow falls 
very obliquely, as it docs when an ocllpso oecura near BUiirlao or Biin- 
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seti the advance of the shadow along the earth’s smfaco become 
exceedinglv swift, — as gjeat as 4000 or 5000 milcH per hour Fig» 
131, winch wo owe to the eonilcsy of tlio pnblislmis of Laiigloy’w 
** New Astionoiny,” shows the tiack of the moon’s shadow dimng tho 
eclipse of July 29, 1878, 

385 Duration of an Eclipse — K total oohpse of the sun obser\e(l 
at a station neai the cqnatoi uiuUm’ the most fnvoiablo canditions pos- 
sible (the shadow-spot having its ma\umim diainotoi of 167 miles), 
inuv continue total for seven minutes and Jifty eifjlit seeonch In lati- 
tude 40° the duiation ol totality can barely equal six and onc-quaitoi 
iiniuites Tlie greatest possible excess of tho ladins 'of tho moon 
over that of the sun is only 1' 19" 

An annular eelip&e nmv last for 12*” 24* at the equate i Tim 
inaximnni width of the nng of the siin visible mound the moon 
IS V 87" 

In the obsoivation ol an eclipse four “contacts” aio noted: Uio 
fust when the edge of the moon fust touches the edge of the sun , the 
second, when tho eclipse hecomos total oi aiiiuilai , the thud, at 
the cessation of the total or annular phase, and the foiulli, when 
tile moon finally leaves tho disc of the sun Fiom tho flist contact 
to tlie fonitli llie dmation may be a httlo o\oi two liouis 

388 The Solar Ecliptic Limits — It is nccessaiy, m oidoi to have 
an eclipse of the sun, tliat llio moon should encioach on tho cone 
AQBD (Fig 182), which envelops eaith and snn. In tins case the 
“ ti lie” angular distance between the centics of the sun and moon 



— that IS, theii distance as seen fiom the centre of the earth — would 
be the angle MEB in the figiiie. This is made up of three nnglcB . 
MEFy w'lnch equals the moon’s semi-diametei , \ tho siin’is 

semi-dianiotei, S , and FEA, Tins lattei angle is equal to the dilt’er- 
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oiiCG between GFJiJ mul FAE> OFF is the moon’s horizontal pnrnl- 
liix (the senu-cllanietei' uf the earth Been from the moon) > and FAF 
or CAE ib tlie sun’s parallax* FEA, therefore, equals F ^2^ \ 
the wliolo angle MEE equals aS' + This angle may range 

IVom 1° hi' liV' to 1° 24' ID", according [o the chiinglng cllatancca ' oC 
the Biiii and moon from the earth* 

The correBpoiuling dlBlanccB of the sun from the node, calculated in 
the Ramo way as the lunar oeliptlo Umlte (taldng the nmxijmiiu incli- 
nation of the moon’s orbit as r)° 19' and the minimum ns 4° fiV', 
aocordiiig to Noieon), give 31' and 15° 21' for tho major and 
minor ecliptic limits* 

In order that an eoUpsc may bo tvm/rd (total or anmilav) at any 
part of the earth, it Is necessary that the moon should lie wliolly 
inside Urn cone AOBD^ as at In tills case tho angle JWES will 
[)Q — iS" +P— j), and tlm corresponding major and minor central 

Gcllptlo limits come out 1 1® 50' and 0“ 55'. 

387. Phenomena of a Solar Eollpse. — 'riioro is nothing of Bpooial 
interest until the sun Is mostly (‘overod, though hoforo tliul tlino tho 
slmdows cast by foliage begin to look peculiar. 'J'iio light shin lug 
througli every small interstice among tho leavos, Inatoad of fonning a 
little (iMe on tho earth, makes a little cresecnl — an iningo of tho 
partly covered sun. 

Some ton minutes bcf()ro totality thodiirknosH hogiiifi to l.m felt, and 
tho roimiinlng light, coining as it docs from tho edge of the sun only, 
is miioli altered in quality, producing an elToofc vei'y like that of 
a calcium light rather than snnslilno. Animals iiro pcrploxod, and 
l)ir(la go to roost. Tlio temperature falls a fow dogvooe, and soiiio- 
tlmcs dew appears. 


1 We ^Ive liurewlth in a table tiio (lirCcreiit tpinnlUlofl which tlotormhio tho 
(liinenflloiiR eC the hIiiuIhwh of the eiu'Lh and moon, an well na llie eollptlo llinlia 
and tho duration of oellpsoB, 
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^roiui. 

A])pari!nt aoinl-diameter of aini ! 

in' iH" 

15’ 45" 

itr 02'' 

A|)[iju'enL Bonii'dlnmeter of moon . , . . . 

1(1' 'in" 

14' 44"' 

16' 46' 

ITorlxonlal panillax of the buo 

11 " .or. 

8". 66 

8".80 

Tlorlzfmtnl parallax of the moon 

UlMH'' 

60' 68" 

67' 08" 

rnclliiiulon of moon's orbit 

r.o 10' 

4 c 67' 

6^8' 40" 


Siin'a radliifl, 435,200 milcR; cMirlli'ft (ineiin), 3050; moon'a, 1081. C. 
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In a few moinentS) if the observer ia so sitnatec.1 tluit his v it? w com- 
mands a distant western horizon, tlie moon’s shiiclow is Hoeii (Muninijf 
much like a licavy thiindcr-storni. It advano(?s witli alnui.st t(?rrlfyin}i; 
swiftness until it envelops him. 

For a moment the air appears to quiver, and on every white Bur- 
faco bands or alternatcl}’ liglit and dark, ui>ponr. They 

are a few inches wide and from, a foot to three feet apart, ami on the 
whole socm to be parallel to the edge of the Blui(lt>w. Prolitibly they 
travel with t\\Q wind; Init observations on this point are as y(?t liartlly 
decisive, The phenomenon is not fully (’xplaincd, but is probablj^ 
due to irregular atmospheric refraction of the light coining frojn the 
indefinitely narrow strip of the sun’s limb on the point of disappearing. 

388. Appearance of the Corona and Proniiiienoefi. — As soon as tlio 
shadow arrives, and sometimes a little befoi’o it, thci corona and pronii- 
nences l}ecome visible. The stars of the first thvco magnitmloH niak(i 
tlieir appearance at the same time. 

The suddenness with which the darkness dosconds upon Urn ol)- 
sevver is exceedingly striking ; the sun is so brilliant that even the 
small portion which reniaiiKs visible up to witiiin a very few sgcoiuIh 
of the time of totality so dazzles the eye that it is not’ prepared for 
the sudden transition. In a few moments, however, tlio vision be- 
comes accustomed to the changed cirou instances, and it is tlien foiinO 
that the darkness is not really very intense. If the totality is of 
short duration, — that is, if the diameter of the moon oxecedn that 
of the sun by less than a minute of arc, — the lower parts of the eoroiiu 
and chromosphere, which are very brilliant, give a light at least tliiHM? 
or four times as great as that of the full moon. SiiK?o the shadow also 
in sueli a case is of small diameter, a large quantity of light is sent in 
from the surrounding air, where tliirty or forty inilca away the Him 
is still shining; and what may seem remarkablo, this intrusion of 
outside light is greatest when the sky is clouded. In such an oellpHi? 
there is not much difficulty in reading an ordinary w^tcli-faoo. In 
an eclipse of long duration (say five or six minutes) it is innch 
darker, and lanterns are necessary, 

389, Observations of an Eclipse. — A total solar eoUpso offers an 
opportunity of making an iinmenso number of observations of groat imp{)rl.- 
ance which are possible at no other time, besides certain otliers which can 
also be made dining a partial eclipse. We mention («) Times of the four 
contacts, and direction of the Ihie ^ning the cusps duriru/ the parlutl 
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Tlioflo obHorviifeioiiH (lGt<H*inino aucumt-oly fclm rolativ(i position o£ tlio siiii jukI 
jnoon at tho timo, and bo XuriiiHli tlm iiicaiia for coiTeotiiig tlio tab log of tlioir 
I j lotion, (i) The search for inira-mercurial pkwetfi. It lias boon tliought 
likely Unit tlioro miiy bo ono or morn plane Ls bo tween the orbit of Aroroiiry 
uiid Uio Huin and during a to Ltd eel ipso tlioy would bacon le vlniblo, if over. 
On tlio whole, however, the obsorviitloiiH, so fur nmdo, iiegativo the oxiBtoiico 
of any body of eoiiHiderablo bX/as In this region, tlioiigli in 1S78, Pi’orcsHor 
Watnon and Air. Swift, it was tbougbt, luul di Hoove red one, If not two, Huch 
plnneiH. (c*) Ohm'calions on ihe frinyest wbieh have been described n.s show'- 
ing thmiiHelves at the eoininoneeinmib of totality. Probably the piienonionoii 
ifl inorely iitinosplicrle and of little iinportaiieo, but ibiH not yot HuJlloioutly 
uiuloi'Htood. (d) Pholomelrlc mmsnvf.menli^ of tiie iuteriBlty of (bo light at 
tl iff ('rout HtagoH of the eelipHo and during totality, (/r) Tdescopic ohservalions 
of ihe (hU\ih of the promiminves and of ihe eoronci, (/) Speeirosco^nv. ohserm- 
liom^ Imtli visual and pbotogni])bu!, upon the siKjolra of tlio lower atnioH- 
phoro of the B an, tlio ])roinln(nieeH, and Urn eoroiia, (y) Ohscroalions mth the 
pohrlseope upon the polarization of tiio liglit of tbo corona, for the piir]^)oso 
of deter mining the relation between the refleohid and intrliirtio llglit, and 
lau'hapH tbo hIzo of the rellectlng parileles wliioU iiro dintributod tbrniigli tbo 
corona, Qi) Photoijraphjy bofcli of (bo partial phanoH and of tlio corona. 

390. Oaloulation of a Solar Eolipae. oiikulation of u solar 
oclipHO eaiinot bo dealt with in any fmcli Buminary way an that of a Jiiiiur 
eollpse, owing to the ninoirH parallax, which makes tlio iiuie.s g£ oonl iiob iind 
otiior plienonmna differmit at every dilTereiit station. Tlio niooiPs appiiroiit 
path in ihe sky, rdatlue to the centre of the .lan, is not even a portion of ii 
great circle, nor \h it deseribed wllli a uniform veloeity. Mornover, Hiiico 
tbo phenniiienii of a solar (sellpHe admit of very aeon rate obsorviitioiifl, it is 
neoesHaiy to take account of nimioi’oiiH little det4iilH wlileli are of no imiiorL- 
unco in a lunar eel l])He. 

Certain data for each solar eelipHO hold good wherever tlio oliHorviu' nmy 
bo. These are calcnlalnd beforeliaud and publish nil In tlio nantioal alina- 
nuoHj and from them, with the knowledge of bis geograpl deal imHitlon, tliii 
observer can work out the resnlt^i for Ids ow'ii stilt ion. Bub tbo ealoulatlons 
are Hoimovliab conipllcaled and lio beyond ouvsooim. '.riio reader Ih reforrod 
to any w'ork on praetloal nstronoiiiy ; Cbauvoimt and Tjtiomls treat tlio mat* 
ter very fiiU;^^ . 

391. Number of EoUpBOs in a Year. — Tito louHfc posHlblo niiinbor 
Ih livoy both oanti'ul eclIpsuH tlio huh. Tbo liu’goHt poHHiblo nuinbor 
Ih sevm^Jlvp, of the miii and iwo of the moon. Tim oelipHoH onoh year 
happen at two HoaHonn (wlilch may bo eallod tlie ^‘eellpflo nionllm » 
half a year apart — about the tlnifis, of eoiU’Ho, at which tho siiii in its 
nnmial i)atli oroSHOH tho two nodOH of tbo mooii’a orbit. If tlioHO nocloB 
wore Htatlonary, tho eollpse inonths, would ba aUvayfl tlui huitio : but 
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because the nodes ictiogiade aioiind tho eclipUo once iii iibouL 
teen yeais, the eclipse months aio continiinlly changing The liiiu' 
lequiied by the siiii in passing aioiind fiom a node to the Htinu^ 
node again is 346 62 davs> winch m soiiiotnnos called the oolpHO 
yeai ” 



392 Number of Lunar Eclipses — Kcpiosenling Die ecliptic by ii 
cncle (Fig 133) with the t\>o opposite nodes A and n, it ib easy to h<‘c 
Jnsty that theie can be Init two Immr eclipses in a yoiw (omitting l«>i 
a moment one exceptional case)* The majoi lunar ocliptie limit ih 
12^ iri' ; hence thcie is only a space of twice that anioniit, or 24® IMF, 

between L and L\ at each “ node 
month,” willmi wdiich tho occui- 
icnco of a full moon imglit gtvi* 
a lunar eclipse Now, in a syn- 
odic inontli the sun moves along; 
tho ocliptie 29° while the node 
moves in the opposite dliectioii 
1®31', giving the wlutivo motion 
of tho sun lofenod to the ncuh* 
equal to 30® 37^ \ i o , tho falU 
moonjioinh on tho otrolo would Jail 
at a diHlamo of 30® \^V J'umi otwh 
oilier Only one full moon, tlier<‘-* 

can possild^ occur witlnii 
the Imini ecliptic limits each time tiial llio sun pusses the node 
>Smee the mino) ecliptic limit foi tho moon is only 9® 30^ it niuv 
mi y happen that nnUm of the full moons wliu-h oeciii- ncaiesL to 
the time \ilien the sun is at the node will fall within tho limit 'riit-i o 
aie accordingly many years which have no hinai eclipses 
v«n, ’'O«evo!, may possibly htippon in one onlondui 

T n ° oving way Suppose tlu' lust eclipse occurs about 
'Ian 1, the sun passing the node about tliat time | the second may then 

. tat J„„« 26 at tl.« ota. Tl.o l.mtao.t,,, I „,1| 

Dec D/nt^'p ^ yeai, so that tho sun will oncountor it again about 

the samerem' eclipse may occm in Dpooniboi of 
me Tins actually occiiiicd in 1787, tho dales of tho throo 

hmai eclipses being J«n 3, J„„e 30, and Dee 2-1 

393 Niuttbei- of Solar i 

\\e find that .V 7 — Coiisulcimg now tolar eclipsos, 

«e find that theie must inevitably be too Twice the minor Ihnii 


Fio 133 ^ITumbPi of IcIlpMa Vnininllj 
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(Alt. 38r.) of Cl solar aclIpHo (15“ 21') u 30” -12', which is mom thnu 
Lbo HUU^H wiiolo iiiotKiU in u month. One now maon, nt least, there- 
fore, mint full within tho limiting clUtiinco of the nocic, and two 
my do flo, ftinco in tho Ilgiiro, SS^ is iiUvays greater than Llm diatnjice 
between llio points ocouplod 1)^^ two aucccsaivc new moons. 

If llm two moons in tho two eclipse montlia liappeii to fall 
very near a no<lo, the two full mooiis^ a fortnight earlier and later, 
will ])oth Im very likely to Hill onteldo the lunar limit. In that case 
the yeaiMvlll Imvo only two eclipses, both solar and both central j z.e., 
eltlior total or aniinlnr. This was tho ease In 1S80. 

Again, if In any year UvofnU moons occur when the sun Is very near 
tho node, thou slnco tho ?rt(^or solar limit is 18"* 81^ it may happen, 
and often does, llmt thore will bo two partial solar eclipses, one a 
fortnight berorn, tho other a forbnlgjit after, each of tho lunar eclipses, 
ami 60 tho year will have threo cclipscB In each eclipse itionlh — six. 
eclipses in all, two lunar and four solar. A ^///t solar eclipse may 
also CO mo in noar the end of tho year, if the node was passed about 
»Tiuu Ih, III tho same way that soiiiotimca Imppcns with a lunar eclipse ; 
tho year will thou have seven eclipses. This was the case in 1823. 
Tho most uHual number of ocllpHOB is four or five. 

304. Relative Treiiuonoy of Solar and Lunar Eolipsea. — Al- 
though, luJdnfi Ihs tojtolv vUi'tk iiilo account^ the solar eclipsefi arc 
die moftt uumeroiiH, nbonb in the proportion of four to three, it is 
jint Ho with tho ccIIiihch mnible at anif (/iven A solar eolipso 

can 1)0 Hm\ only from a llinlted portioir of tho globe, while a lunar 
o(!lIpso Ih vistble over (?on«i durably more tlmn half tho cartli, eitlier at 
tiio beginning or end, if not tlu'onghoiit its whole duration ; and this 
more than roviu'SCH the proportion between lunar and solar collpses 
for any given station. 

396. UoGUiTenco of EollpHOB, and the Saroe. — It is not known how 
early it was discovered that o oil pace recur at a regular interval of 
olglitcon years and cloven and one- third days {ten and one- third days, 
if thoro Imppeii to bo live leap yoars In tho intoival) ; but the Ohaldeaus 
knew the purUul very wcdl, and ciillod it the Saros (wldcli means 
^‘resUUitioii” or ** repetition and used It In predicting tlie reenr- 
rciico of Iheso plionomona. It Is a period of 223 synodic months^ 
which Is almost exactly equal to nineteen eclipse y^ears. The eclipse 
year is !M0^020i, and ninotcon of tlimn equal 6586^.78, whilo 228 
inonilis equal fir)8ri‘h82. 
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The diltereiice is only ^ 11 hours) in wliioh (jim; 

tliG ^slnl moves 28^ If, thoreforo, an eclipse should oocur to-day at 
aew moon, with the sun exactly at the node, tlion uftoi* 228 inontliH 
(18 years 11 days) a new moon will occur again witli the sun only 28' 
west of the node; so that the circumstances of tlin first eclipse will 
be pretty nearly repeated. It would however occur about ciglit houvH 
of longitude further west on the eartlds siuTace, since the 228 niontliH 
exceed the even 6585 days by of a day, or 7’’ 42'“» 

396. Number of ' Ueourrences of a Cliveu Eclipse. —It is usual to 
speak of eclipses recurring at this rogular Interval as r(^pc5titioiiH ** of oikj 
and the same eclipse. A lunar eclipse is usually thiiH ^'roiioahuV' 18 or 4i> 
times. Beginning as a very small partial eclipse,, witli the sun about 12^^ 
east of the node, it will be a little larger at its next ocouri‘(nice (Ughtecn 
years later; and after 13 or 14 rej)etitions the sun will luwo come so near 
the node that the eclipse will have become total. Tt will then be vopoiilod 
as a total eclipse 22 or 33 limes, after which it will become partial ugaiu 
with the sim tmt of the node, and after 13 more returns as a partial eclipHt' 
will finally dwdntlle away and disappear, having thus recurred regularly ouci> 
in every 223 months during an interval of 8G5J years. 

The same thing happens with the solar eclipses, only Hinoo tho sohiv 
ecliptic limit is larger than tho lunar, a solar cclipso has from 65 to 70 re- 
turns, occupying some 1200 years. Of these about 25 are only piirtinl 
eclipses, tho .sun being so near the ecliptic limit that tho axis of the slnulnw 
does not reach tlie earth at all. The 45 eclipses in tho iniddlo of tho period 
are central somewhere or other on tlio earth, about 18 of tlinni being total, 
and about 27 annular. These numbers vary somewhat, lunvover, iu dilfnv* 
ent cases. 

397. It is to be noticed that the Snros exhibits hot only a oIoho 
Gommensnrability of the synoclio months with the edipso ymirs, but 
also with the nodkaP and anomalisth months : 242 nodical nionthu 
equal 6585.367 days; 239 anomalistic mouths equal 6585.5^0 clayn. 
This last coincidence is important. The moon at tho end of tlio 
Saros of 223 montliR not only returns very closely to its origin ill 
position idth respect to the sun and the node, but also with rospeot (o 
the line of apsides of its orbit. If it was at perigee originally, it will 
again be withiu five lioiirs of perigee at the end of tlio Saros, If IIiIb 
were not so, the time of the eclipse might bo displaced sovoral honm 

1 The imUcal month is the time of the moon’s revolution from one of its nudi^H 
to the same node ngain. and is equal to 27‘».21222; \^^^ ammalhlio month is tli« 
me of revolution from jperige^ to perigee again, and equals 27‘’.65100. Seo 
Arts. 4o4, 4o5. 
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by tho porliu’baLlona of tlio moon's motion, to bo considered later, 
in Clifip. XII, 

398. Niunber of Eolipses iu a Single Saroa, — The total flimber is 
nsimlly almut flovonty, vavying two or three one way or tlie other, as 
now celipB(iS coino In ut the cnBtcni limit and go out at the western. 
Of tho 70, 21) are UBimlly lunar and 41 solar; and of the solar, 27 arc 
cmlndi 17 being annular and 10 total, (Tlieso numbers are nocesBarily 
only appi'oxlinato.) It nppoar^^, therefore, that total Bolar eclipses, 
ii 07 neioJwr<i or othor on iho earthy are not very rare, there being about 
toil in eighteen years. Since, however, the elmclow track averages 
lesa than 100 iniloB In width, each total eclipse Is visible, aa totals 
over only a Voi‘3' sniaTl fraction of the earth's whole surface — about 
in tho moan. This gives about one total oolipso in 860 years, in 
the long run, nb nny given Htation. 

TIio total Holiir visible iu tiio United States during the present 

iioutiiry av(j the following : — 

June 16, in New York and Now England, duration 4^ minuteB j 

Nov. 80, JHIM, in Arkaiisas, Missouri, Alabama, and Georgia, duration 2 
ndnufci‘ft; July IH, 18(10, in Washington Territory and Labrador, 3 minutes ; 
Aug^T, IHOl), inTo\va,llllnoiK, Koutuoky, North Carolina, 2} minutes ; July 29, 
1878, III Wyoming, Colorado, Texas, 21 minutes; Jan, .11, 1880, in California, 
{luratloii 32 HucmidK; Jaii. 1, 1880, in California and Hontana, 2J minutes; 
May 27, 1000, from Louisiana to Virginia, 2 minutes. 

399. Oooultatlonfl of Stars. — In theory, and in tho method of eom- 
putation, tho occnltalion of iv star is proolsely like a eolar eollpsp, except 
that tlio shadow of Iho moon projected by a star is a cylinder instead 
of a rwHh hIikio, compared with tho distance of tho sun, that of a 
star Ih Inllnltoj moreover, tlio star Is a more point, so thatthei^e Is 
no sonslblo poninnbrn. In other words, a star has neither parallax 
nor Boinl-diiunotor, and tlioso clroumstaneoB somewhat simplify the 
Povnuilas 

Ah tho moon movOB el ways towards tho east, tho disappearance or 
tlio star always takes phioc at tho caBtorn limb, and the reappearance 
tit the woHtorn. In the Hrst half of tlio Innatlon the eastern limb 
is dark iincl Invlslldo, and tho star vanishes wltlioiib warning. The 
snddonnostt witli which it vanishes and reappears bos already been 
referred to (Art. m) as proof of tlie nou^oxistenoo of a lunar atmoa^ 
phoru. ObsorvatloiiH of this sort dotcrmlno the moon a place with 
groat ac(?umoy, and when corresponding obaorvallons are mode a 
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different places, they supply one of the best possible nieuim of (tetcr- 
mining their difference of longitude. 

In solBe eases observers have reported that a star, instead of disappeuriiig 
instantaneously ^Yllen struck by the moon’s limb (faintly visible by (‘artli- 
shine), has appeared to cling to the limb for a second or two Ixjfovn vnniHb- 
ing, and in a few instances they have even reported it as havitig voapiKUircnl 
and disappeared a second time, as if it had been for a monnmt visible ilirough 
a rift in the moon’s crust. Some of these nnomaloim jdietioiiiena have boon 
explained by the subsequent discovery tlmt tbo star was ilouble, or liiiel a 
faint companion. 
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CTIAl^l'JCa XT. 

CICNTKAB EOUCEfl: IQQTJABLK DEyUlllL'TlON’ OIT AIIKAH. — A1L1CAL^ 
IANEAU, and ANCJULAU VELOOiTIEa. — KEPLlDTl'S LAWS AND 
INIf'EIUCNOKS E.UOM T1 IKM, — GUAYITATION' DEMON.STltATKD 
JIY THE I^IOON’s motion* — CONIO BKOTTONfl AS OlilUTS. ■ — 
the PllOBLEM OF TWO BODIL^S, — THE “ VJOLOOITY FROU 
INjrrNlTV,” AND ITS UELATTON TO TIIK SPEOUilfl OF OllBIT 
DKS(BIIU1CD hY A BODY MOVING UNDEU GUAVITATION. — THE 
intensity of OUAVITATION. 

400. A TkroYiNO body loft to itself^ nccording to Newton’s first law 
of motion (Physios, p. 27), moves on forovor in a straight line with n 
nnlfoj'in voloolty. If wo find a body so moving, wo may, tlioroPoro, 
infer that it Is oltbor aotod oji by no foroo whatever, or, if forooB avo 
acting upon It, that tiioy exactly balanoo each other. 

Tt Ima luuni (tnHUjinary witli Home wrll:e)*s to Bixsak of a body thus moving 
“uniformly in a ntraiglit lino^nn iietualod by a“projootilo a very 

uiifortuuiitu expreHslon, whioli Ifl a Hurvival of the Aristotelian idea tlmt rest 
iH more “ natural ** to matter than motion, and tlmt when a body niOYO«i 
some force nniHb operate to Iccc^p It moving. 1'he more unifonn reotilinoar 
motion of a material niUHn In empty Hpaco implies no pliyfiioal oanso, and 
deniuijdrt no explanation. Chantfe of motion, oiblior in speed or In dlrt^otion 
— thin aloiuj implies /orco in operadfm, 

401. If a body inovos in a stmlght lino, with swlPtiiCBH cither 
increasing or decreasing, wo infer a 
force noting exactly in the lino of mo- 
tion, ainl accoloriitlng or retarding it. 

If It moves In u enm, wc know that 
some force Is atding (ilhnutrl the lino 
of motion. If the velocity in the onrve 
inoreasoB, wo know that the direction 
of the force that nets Ib fonoardj like lOo. isi. -cinrvatnrq of imoriu. 
ah (Fig. making an angle of Iobb 

than 90® with the ** lino of motion” ert (the tangent to the path of 
the body) ; and vice veim, if tlio motion of the body ia retarded. 
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If tlio speed does not alter at all, wo know that the foi'co inuHt act 
along the line ac, exactly perp&ndiciilar to the line of motion, 

Hei®) also, wo find many writers, the older ones especially, bringing in 
the “projectile force,” and saying that when a body moves in a curve it does 
so under the action oi two forces, one a force that draws it Hi(le^vays, ilic 
other the “ projectile force ” directed along its path, Wo repeat ; this ** pvn- 
jectile force” has no present existence or meaning in the pvobloni. Suoli 
a force may have put the body in motion long ago, but its innetiou has 
ceased, and now ^ve have only to cjp with tho action of one singlo forco, — 
the deflecting force^ which alters^ the direction of the body’s motion. Of 
course it is not intended to deny that the dolleoting force may Usolf bo tlio 
resultant of any number of forces all acting together j but a single force act' 
iiig athwart a body’s line of motion is suATioient to cause it to doscriiio n 
Curvilinear orbit, and from such an orbit wo can only infer tlio necessavif 
oxistouco of one such force. 


402. Desoiiption of Areas, — (a) If a body is moving iinifovniW on 
a straight line, and if we connect tho points yl, 5, 0, etc., Fig. IBft, \y\m\\ 
it occupies at the end of successive units of tlino with rLny point wiuit- 



VlQ. 135, 

DcBcriptlon of Areas In Uniform AToilon, 


its mdins vector^ from any centre 
areas in equal times around that 
triangle described by the radius ^ 
the body’s ^Uireal (or areolar* 
constant. 


over, as u, wo simu navo u H<uic« 
of triaiiglos, AOB^ etc., ivhicli 
idll all be equal; ainco thoir hnnon 
AB^ BO^ oto,, arc equal aiul <m 
the same straight Hue, and thny 
liavG a common verCox at O. 
Calling tho lino from A to O Its 
radius vootov, and 0 the ‘ ‘ (!on- 
tre,’^ we may say, there fore, tliul 
wbon a body is moving imdin* 
turbed ])y any force whutovor, 
arUtrarily chosen^ ilesorihcH etjuul 
centre. The area cnoloscid In tlu* 
sector in a unit of time U onlUsd 
0 velocity,” and in tluB oaHc is 


^ 403. (6) Moreover, my impulse in the line of the radius vector, 
either towards or from the centre, leaves unchanged both the plane of 
the body’s molmi and its areal velocity. 

Suppose a body moving uniformly on the line AG (Fio-. IHPO with 
such a velocity that it describes AB, BO, etc., in Buccossivo iiiiitH of 
time) then, by the preceding section, the areal 'velocity will lio con- 


M 
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Hiaiit, nnd inoasnred by tho area of auy one of the equal triangkii 
AOB^ iiOO, or OOL. Suppose, now, that at 0 the body received 
i\n inipiiltto'* dirou(od along the radius vector towards 0 — a blow, 
for instanoo, which by itself would make tho body describe OA" in n 
unit of time. The body will now take a new patli, which will carry it 
to the point 7>, dotermiued by conatriioting the parallelogram of 



mollonfl” OKDLy aiul tluis combining tlio now motion CK with the 
fornuu' motion OL, ncoorcllng to Newton’s aecoud law (PliysiCB, p. 27). 
Tbo new ftfoal velocity, monsiii'cd by the triangle OOD, will be tbe 

Hiinic iiH before, ns la easily shown. 

Trliuiglo JJOa= triangle OOL, booauso BG== OL, nnd 0 la their 

eominon vortex. . , x, 

Also, tiiiingle 6'0i = triangle OOD, because they Imve tlie c-ommon 
liuso 00, ami thoir sinmnlts L and D nro on a line wbieb was drawn 
parallel to this bnHo In oonstrnotlng tho parallelogram of mo ous. 
lienee triangle BOO^ triangle COD, and tlio areal vMj remains 

aZS may bo seen by following out tbo /‘f’ 

(JIC and OJy, tbo same result would bold true If the Impu 
boon dlrooted away from 0 Instead of towaixls It. 

404. This result dope.uls ^ d^fn m 

CK' NYOH emcUii alonr] ihe raihm vector CO. IX it no 
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constuiotuig tike paiallelogiaiii ol motions to Jnnl tlio points 7> aij<l J)\ ^\L' 
should have had to diaw LD oi LD^ not pauillol to COy and tlio two tnan^UH 
BOC and COD would necessaiily havo bean iineqiiah CO!) would ha 
gieatevth.m BOC li CK woiednected ahead of iho ladius \eetoi, and loss 
if beluiul it 

As legaids the plane of motion, the point D is on Lho piano OHL^ 
because AD was di awn tluoiigh L paiallol to GO OOL is a pint 
of the plane which coutama the tnangles BOG and AOB^ and licncc 
QOD also lies in the same pla(]^e 

405* (c) Fiom tins obvious!} follows the impoitant gonoinl piop- 

osition that when a hodxi moving xmler the aUton 0 / ajoiee 
iluected tommds 01 f)om a Jned cenUey the mdms vector win desvribo 
equal «?eas in equal imeCj and the path of the body will all lie m oiiv 
plane 

8 iich a foL'ce constantly acting is simply oqnivalont to nn indollnilo 
uumbei of scpaiate impulses Now if no single impulse direoled 
along tile indius vectoi can alter the areal velocity 61 plane of niolioii, 
neithei oan a succession of them Hence the pioposition follows 
In case of a eontimioudy acting foico the orlnt, liowcvoi, will 
become a cuive instead of being a biolcen Imo 
Obseive that tins pioposition lemams tuio whothci the foico ih 
attiactneoi lepulsive, and that it is indepeiulent of ttio law of the 
foice , that is, the toice may vaiy diiectly with the diduncey or ni- 
vexsely as the nquaie oj the distance ^ 01 as the loyarUhvi of it, or in 
any conceivable way \ it may even bo acting only lU 

inteivals and ceasing between times * and still iho law holds good 

406 Coiiveisely, if a body moves in this loay) desci thing equal 
ateas in equal times aiouml a pointy %t ts easily shown that all the 
foices acting upon the body must be diiected towaid that point, 

We, howevei, leave the demonsUation to the sUident, 

Since the earth moves veiy nearly in this way in its orbit aroiiiul 
the sun, we concUide that the only foico of any consequonec acting 
upon the eaitli is diiected towaids the sun. Wc sa^ , of any con- 
sequence, because theie aie other small foices which do sligUtls 
modify the caitVa motion, and prevent it fiom exactly fuiniling llio 
law of areas » 


As a direct consequence of the law of equal areas we have ccitain 
laws with iGspect to the linear and angular velocities of a body 
ing under tbp action of a cential force. 
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407. Law of Linear Volooity. — Snppoae a body inoviu^' undi?r 
tlio fiction oi' a force always dirooted towards ^ (Fig. Id7), and ‘lot 
yI7i bo a portion of Its path which it dc- 
scrlbcB in a Bocond* Draw the tangent 
J]h. Hogai’diiig tho Boctor ASB aa a 
triangle (which it will bo» Bonaibly, aliico 
tlio cni’vatiiro of tlio path in one Becond 
will bo very Bin nil) tho area of this tri- 
aiiglo will bo x Sb). Now A7J, 
tlio dintiineo travelled In a Bocond) in 
tho linear velocihj of tho body (called 
linear ho can so it Ib inoaeiirod with tho 
saino iinitB as any other line; In 
miles or in feet per second) , and la tho 
dlatiinco from tho centro of force to tho “ lino of motion,*^ aa tho tai> 
gout Bh is culled. For p la usnally written; honoo hi ovory 

2 A 

part of the sanio orbit, K(lho velocity In miles per second; »= — , and 

P 

is inversely proportional to If were to hecoiiio zero, V would 
boooino Itinnltc, unleaH A were zero also, 

408. Law of Angular Voloolty. — Koforrlng again to tlio same 
llguro, the area of yl.S’7^ Is ecpinl (o -J- (AS X BJS X sltwl^'B), or 

If wo draw r to the nilddlo point of ylTI, fchon 
= nearly, Blneo In a Becoiul of time tlio dlntanco wonld not 
chango porcoptlhiy as coinpnrod with Its whole length . to will also 
1)0 a Binall iingloi so that its nino will equal tho anglo ItBolf cxproBseil 
in radians ; 

2 yl 

heiiQo ?,r*o>:=3y1, and . 

r 

Now (0 is tho anf/ular nudocHy of the body; Unit Is^ tho luimbor of 
radians*' which It doserlbos In a Heeond of time, iia bogu from aS, 
while r is tlio radius vector. 

409. In every ca.Ho, Ihereforo, of inollon nmlor a oontml force, 
I. The. Amd veloeUy (ncre/y per m'onfi) is comtanl; IT. The 
Linear vehe.ih} {niihs per seeimd) varies inve.rsehj m (he dista^iee f'mn 
ihe centre of force lo bodfs line of motion at the ninment^ which 
lino of motion Is tho tangent to tlio orbit at tlio point whore tho body 
happens to bo; III. 77/c Anifulur vdoett}/ (radians^ or degrees^ 2 ^^^ 
second) varies inversehi as the square of the dislancc of Iho hodyfrovi 
the centre of force » 
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410 Tho stiukiit will lomeinbci tlial was found by obMciviitioii 
that the sun’s angulai velocity vanes ns tlic nqinuo of its appiuont 
diameter, and fiom tins (Ait 18G) the law of equal iivoaB was 
infeuedasa fact with uspcct to the euith’s inotioiu N(‘Wt()n wus 
the first to point out that a body movinj^ luuUn the action of n 
cential foice must ?ietmanVy obseivo this law of auuiH, and, (Siii- 
VGisely, that a body thus obseiving the law of aieas inuBl nc‘ct‘B- 
Burdy bo under the coiitiol of a eentuil fouo 

411. Ciioular Motion. — In the case of a l)o(ly uiovlng In n 
circle iiiuler the action of a central foioo, the foioo munt bo constant, 
and (Phj^aics, p, 62) is given by the formula 


m which r is the radius of the ciiclo and Ftlio voloolt.y, while/ Is 
the centinl foice measured by the ‘‘ aoccloiation ” ol the body 
towards the centre; that is, by the luunbor of units of v(dot‘ily 
whioli the foice \^ould generate In tlio liody in aHOOond of Uino; jiml 
as the foice of giavity is e\pressod by writing, f/!=(),8l inotios 
For many pin poses it is desirable to have an e\pioKston wbioli 
blmll substitute foi V (a quantity not given cluei'tly by observalion) 
the time of i evolution, winch is so given. SnU'o V tupials tln^ 

oircuiufeience of the cuclc divided by or wo bavo at once, liy 
substituting this value for Fin equation (a), 

(?0 

This, of comso, is meiely the oqmvalont of equation (({)j lull is 
often nioio convenient. 


KUPLKIVS LAWS 

412 In 1G07-1C20 Kepler dieeovorcd ns facts, without, an <'\iiia 
nation, three laws which govoui the motions of tho planots,-- lawn 
wliicli still bear his name. He woiked them out from n diBcnsBion 
of the observations whicli Tycho Bialie hflrf matlo llnongh inany 
piecediug years Tho tluee laws are as follows : -- 

r. T/ie 0 ) bH of each planet ia an ellipse, tuUh the am in imo ofih foci’. 
ir The mUius vector of each planet describes equal nrem in equal 
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H[. Tlio “llanuoiilc law,” ao-ualliid, Tha squares of the 2^erw(h 
nf ikn arc proiwtional to the cubes of their mean distances 

J)viii the sun; l.o,, j 


413, 'J'o nuikc Hun*. that tlio slmimi appi'olioiulu the moaning andscoi^o 
of Ml in Llili'd law, wo appoml a low Hiinplo oxamplos of its application. 

(1) AYliiit woul<l lio llio pcnoil of a planob imvliig a mean distance from 
(ho Klin of 100 aHtroiiomieia units; i.c., adistaiico 100 timcB fclmtof the earth? 

Dist.y\ (P/f/m7'x J)ist,y- {EsMs (Planet's Perwciy\ 

u., P : 100" == (year) ; (yoara), 

wlmufuj X = loo® — 1000 yoars. 

('J) \Vhal wtmhl l»n tlio di»imicn of a planet having aporlodof 125 yeava? 

wlioiico A’ - (AHtron. units), 

(8) How long would a plaiiob roquiro to fall to the buh? 

If llio sun worn col lee led in a single point at its centre, a body starting 
from a point on the idnmii'H orbit with a slight side-motion ^ t.e., motion at right 
iiugli'H to the radius veelor, would (hiHcribo an oxtroinoly narrow ellipse 
iiroiiinl the sun, willi lls ]ierlli(dl(m Just oi the sun, and the aphelion at tlie 
slarMiij^-juiinl, I’riuitieally it would *\faU to the sunf and votiirn juatasif it 
had I'cboumlcd from a perfeotly elastic surface : tlio time of ^‘falling '*woidd he 
Just iNpud to that of reluming — tlie two making up the whole i^>oriod of the 
Imdy In tiui narrow elllpMe. Now the fioml-major axis of tida narrow ellipse 
is ovldonlly nue’lm/f the radius of the plmiob^fl orbit. Honoe to And the period 
ill lliiK olllpso wldcli Is 2 r (r being taken as the time of falling”), we hevo 

o® ; ( Jo)® ' ('*-* 't)® ur 1 1 { : 4 r^; 

wlmiim! T U V.i'j r - 11.17118 /, t Iwliig the planet's i^eriod, 


in Urn ease of the earth r — 8(15 j- X 0, 17(18 = 04,6(1 days. 


{‘I') ’^Ylult would be the period (d a sutellito revolving close to the earth's 
surfiiflnV 

(2f aim's Dlsl.yi (Dist. of Satvltiuy ^ (27.8 dayfl)^ ; 
or 0()«:1'‘ - . (27.8)'^: A"^, 


wlioiion 


00® 


(fj) How inueh would an ineniase of 10 iwr oont in the earth's distance 
from tho 8uu iuoroaso the length of the year? Ans. 60.13 dqya, 

(0) AVhiit is the distance from tho sun of an asteroid whioh has a period 
of ^ ycjavH? Ans, 2.305 Astron. imiba. 
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nlflo, fioin iliG law o£ giavitatioa, 

M being ilio mass of tlio eim 

ircncc?, C4juating the two vnliica of / 

and = 

M 

iSiinilaily foi anothei planet, 

/ j-IzlV » 

<• -Tjn 

Wlionco, ,*^8, 

The (ItMiionstuition foi ollipiieal is a little inoio complicatocl, 

luvohiiig the ‘‘law of aieas^* It ih given in all woiks on Tlieoiotionl 
Astionomy, and maybe fouiul in LoouiisN “Klomonisof Astionoiny," p, 131 


417 Oorreotioii of Kepler’s Thiid Law* — The ^Mnumonlo law' 
ns it stands is not eiatihj tuie, tliongli tlin dilleionco is loo small to appeal 
111 Iho obsoi vatioim winch Koplm iiuule use of in its discovoiy. It would be 
exactly tuunf Urn planels woio iiimo pai tides of inatlei , but as a planet’s 
mass IS a bonsible, lliongii a veiy small finction of ilie siiu’h muss, it comes 
into account The planet »JupiLoi, foi instance, atluicls Uie huh as well as is 
attinotod liy it If at the distiinco ) Jupitoi is diawn towaidn the m\i by n 
foi CO winch would give it in a sceond an acci'lei atioiH‘xpi esaed by (the 
Bull’s nia^s being 1 /), then the auii m tlm Hame tune is accoleialed iowaidH 


Jupiloi by the (piantity (w honig the ninsH of Jupiioi ) ’Hio lato at whioh 
tlio two tond to appioach mck ollicv is thoiefoio oxpioHBed by Ilonco, 

ni discussing the motions of the planet Jupitoi aiouiul the cantro of iho 5ioi, 
nisload of wilting 

/=^ minply, 


WO must put 




I 

but (in the case of enouiai motion) / • 


lienee, wo find i in) 

01 , as a propel tion, (M -[ m) (jlf 1 

wluoh IS i^iucUt/ turn as long as the planot’s niotions aio uiuhsUnbod. 
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418. luferenoes from Kepler’s Laws, — From Koplui‘*H lawn 
are eii titled to infer — 

First (from thesocoml law), that thoyh?'c'(; wldcli retiiinH tlm pliuiutH 
in their orblte is directed toicardn the sun. 

Second (fi-oiu the first law), that on any given planet iha Jhrcn 
which acts vcmes inversely as the squavG of itn (liHlcince from (ho 
snn. 

Third (from the harinoiiio Inw'), tlmt the force is the same for one 
planet aa it would bo for another in the saine place ; or, in otliei* 
worda, the attracting force dcjmuh only on the viass and dislance of 
Ihe bodies concerned^ and is toholly indej^endent f{f their pliysmd con^ 
ditions, such as their temperature, chemical constitution, etc. Jt 
Tuakea no difference in the motion of a planet iirouiid the sun whether 
It be made of hydrogen or iron, whether it bo liot or cold, 

410, Verification of “ Gravitation by Means of the Moon’s Mo- 
tion, — When tile idea of gravita- 
tion first occurred to Newton (Urn 
apple story is probalily apocry- 
phal), ho ondoavorod to verify It 
by comparing tiio force wliloh kco[)s 
the moon in her orbit with the force 
of gravity nt tlio Garth’s surface, 
reduced in the jiropor pro[)ortloii. 
Kor lack, liowovcr, of an lujuurale 
knowledge of tlio oartlfs dimen- 
sions, ho failed at first, Llicre being 
a ctiBcrepancy of about Hlxtocn per 
cent. He Imd asHinned a degree 
to bo exactly sixty miles In longth, 
Some years afterward, <Wieji Pic- 
ard’s measure of the arc of a merid- 
ian in Northern Fraiuto hud been 
made and reported to the Poyal Society, making a degree aliont 
sixty-nine miles long, he saw at once that the now valiin woiilil 
reconcile tlie discrepancy ; and bo resumed bis unfinished work and 
completed It, 

420. At the earth’s surface a body falls about 1011 inches In a 
second. The distance of the moon being very nearly sixty times tim 
earth’s radius, if grruvity really varies inversely as tho sipiaro of tim 
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(libUmcp, 11 afiOius iil distance fiom the ciutli should fall ~ oi 

iiH iat , tliut iB» ili ought to fall - = 0 053o luohe-^.— - 

My{)0 3600 

a UtUo mou» tluui ouo-lwenUetli of an inch Now the di&tauco which 
iho moon uciuaUy doe^i lull towauls tJie eaitli m a second, i e , the 
oj itH Oihil Jam a Uiaiqht lino in a second of tmOy is easily 
foimd , anti if the foiot' winch hceps tlio moon in its oibit is leall} the 
sainc UK tlmtwluoli makes bodies fall towaids the centie of the eaitli, 
this dolU'clion ought to come on1i eiinal lu 053 j Let AE (Fig 

IIIB) he the dislaucp llu* uiooii tuivula iiui second == — -iwhoie? la the 

nuluw of the ukhxi’h oilut, nud i the niitnbei of secoiuls m a inoiilh 
TliPii, Binup AEF is a iighl-iinc;lod Inangle, we have, 

^lii’ AB AlFfoiij) , 


whoni'P 


AB = 


AE- 

2v 


'I’lu' (‘iiloulatioii IS PttHy enough, though the nximbois aio lathci laigo 
Ah a vemilt it givoH uh AB = O.Ofia-l inches, which is piactically equal 
to tlio lliil’ty-Ki''- luindu'dth pivii of 195 inches 

If the qimnUtiOH did not agree in ainoimt, the chsciepancy would 
diHpvovo thu Uieoiy, and, uh wq have said, Newton loyally gave it up 
until ho was iililo to show that the appaieiitdiseoulaucc was theiesiilt 
of iviulHtake ill the ougiiial data, iuul ilisappoaieil when the data weio 
(•(mooted. TIui ngtoenienl, howovci, does not estahlish the theoiy, 
hut only londei'H it piohahlc It does not establish it completely, 
liooaiist) It iH concoivable that the ugiecment might be a case of acci- 
(loutal ooInoKhinoc, while the foiccs might leally diffei as much m 
tlicu' iiaUire as an eleetiieal ulliaelioii and a magnetic 

m. Newton wan not Hatmllod with merely showing that tim pirn- 
emal nioUoim of tlui planets and tlio moon could bo explained by the 
[L of gravilaUon , hut ho wont on to invostignte the converse pi J- 
11, and to doteriiiino what niimt be the motions ™dev ft 

Uvw. llo found that the oihit of a body 

,1 not of necoHsity a chele, or even a nomly onciilai ellipse like ti e 

pkiuitary o.htls, Imt Hint it may be a ionk seciion of ^ C d 
llftv.w-a eiiele, elhpHO. parabola, or even an hype.bola, but it 

he a conui 



Kni' llu! Ih'Ih'IU of {if niij inuliTfi wlm m‘r mil lu i|iitiiiilr{l 

.villi rniiii! HtM-lioivi wi' ;'ivr f||o t'ollMwiii;*. Inirf io i tnoil nf tln'in 

iKlfjj. IMli); 

o, If a iinlii* {»r lUiV loipjr 111 * i'HI yirr/n /;/ (h^- o.i i,/^ ihr 

will lir U i iVr/r M \ \\\ thr 

h. If ll lir ( III hy II [iliilir wiiii li 
iMIlkiVl willl 11 M' M\i»i Mil llll|u'li^ | 

litttii Him moiii iiii|ilM of l)ii' ( Mm\ a** 
th\if fhr plmn' i*/ tufu 

pft'ft'hf //o' I'o/M' (^iMv !lh’ 

lii'otlnn l'< MU I ////PM' ; I hi* I'ii i’lM 
liliM'uly u mii 7 M‘ Ilf ihr 

I’illijiHi' ii of niuwti', illllri [‘ji MlIy iu 

lonUf iVoiii IliOKo whh'li lUit Muy 
iiiurow lo llu’ [irilVfl rir.hi. 

/i. VVm* futi'uhrtfii {<1 roniM^il hy 

III |ihihi* f 

ftt iVfi nitit ' ; iimhiii;; u ilh fho iiviu 

ail |U||Hm 1700/ /o thi' , I i;f/ f/uy/r’ of 
/Af! I'OHM. /ij/'f^ I'i MM ll M jilllhl*. 

ill! (IitImm Mli* llliho ill huill, 
all jiariihohm, u'/zpih ri i’ (h»' uuyA' 

itf fit*} ro//if P fUftl M'/o iri'p *' ffn' 

fiithif I* it\ /ti/.Mi, If [)iM i’lilllui' 
/I iiluiin Im Miiiii Mituiitiil, thrill imi 
iiialliPl' wlitil ill Him [iUf«,li* nf Ihr 
(vHiM (U till* [fliiri' whr^n lltM rut h 
iiunli*, till! rMlvr will al\v!iv*i hr Him 
M iiinr in lhHU|rJi nf 1 iVn 

nizn will ili*|ii'ml u|inM it \%(rly nf 

rlrrniiMiliiiirrti. W'l* tin iml olnji Ui 
))I’UV(! ihn HhUrumiilf at Ural, u llfftn mhi |ii i*ilh|< ; hut it ia 
(h If Him fai(|iiiu[ [iliiiio niakt'a an nt^rl” ^'Itli tlu* ii\ia nf thr i/pim* 
/('WH (lutn fhit .si'Mii'-iiMy/r 0/ ]\ Mil llmt liir ( liliMir fn*lH rnilfiiimLlIv 

{lMM|im‘ luiil i|rM|H*r iiihi tlir rimr, t)iru tin! rili vr hwtn Ay/r r/rp/'t ; Hfi 
(;ulliul, harrillHr Him jihiUM iu Hiia {‘Liar iiliMotpi nrrr*' ( /rtiyi /kiAXnr ) 
luiH iiitMi'HMrlH Ihr “ imum |ii'nfluri’i|,'* niMln^ nul nf Ihhi m rouH I'oim 
a MiirvM pparJaiOy Hhr llir rlii vt‘ rul froin I|m‘ hi'IiHumIv mh at f\* hi 
Him ThiraslH of thr h> iiri htihi lira nur^iilr nf Hm' riu m* ItHrlf, 

hi‘liifi( Ihr \\\\{\ IffP ill iJir niiii llii* ** rrii/ro*' of tlir i'iir\r U 

ulm> ontHldu of Uio rnrvr iit Him uiltiHlr |ii*lui of rlii^« 


ti' 
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423. PhilosQplucally speaking there are therefore but two species 
of couio sections, — the olUpBe and the hyperbola, with the parabola 
for fi pnvliiioii between them. (The circle, as has been said before, 
is merely n special case of the ellipse.) J'ig. MO will give the reader 



ncvhiMW ti licttei' idea of the iintiiro of the ciui-vea as drawn on a plane. 
In the ellipse the num of the clistanoes from the two {oq^ FN-^ F N, 
enuals the :na1or axis of tiic curve 5 in tl.o hyperbola it is the differ- 
onco of tliOBO two linos {F'2f'-FN') that equals the major axis; 
lu the ellipse the eamtrkiti/ is less than unity (zero in the circle) ; in 
the liiporbola It is ymUer than unity; in the parabola emctly unity. 

The niQuoral oiiimlum of a eouic in polar co-ordinates, applying alike to 
both tliu KpecjjoH, is 

1 -I- e cos K 


FO „ FC" 


i, which r is the distauco. Fn, or Fn', c is the fraotion ^ or the an- 
. It V Ph'nf oi‘ mid p 18 fch& liii6 iM , m > 

is zero, Iho curve is a circle, and r:^p. 'i « < h ;''® j 

o> 1, llio curve i.H an hyperbola! if 1 . >t.is a parabola. | 
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424. Problem of Two Bodies. — This problem, proposed and 
solved by Newton, ia the following : — 

Qiven the incases of two ^phere^ and their poRitiom and 
any moment; gimn^ aiso, tlis laio of (jmvdation : required their moUon 
emf aftermards, and the data necessanj to compute their plam at any 
future time. 

The inntboinatlcnl mcthoila by wliicli the probloni is solvod rcqiiini 
the use of the oalciiUis, and' nuiat bo sought in works on analytical 
meoliauios or theoretical astronomy. Some of the rosulfcB> liowovcr, 
arc Bimplo and easily stated. 

426. (1) In the first place the motion of the centre of gravity of 

the two bodies will not ho affected by thoii* nuitnal attraction, but it 
will move on im if or inly through space, as if tbo bodies were u lilted 
Into one at that point, and their motions combined under the same 
laws which hold good lu the case of tlie collision of inclastlo liodtcs. 

Tlie motion of this contvo of gravity is most easily workbd out graphically 
as follows; First, in Fig. 141, join tlio original placoB of tlio bodies A and 
5 by a straight line, and mark on it Gy tho placo of tho oonti*Q of gravity ; 
then take the positions A' and they would oooiipy at tho end of a unit 
of time (if they did not attract oaoh other), and mark tho now position of 
the coiitro of gi^avity on the llifb joining thoim Tho lino GO* con non ting 



Fro. I41i “MoUon of DocJioi rclniWo lo lUolr Oflulro of Gravlly. 


the two positions of the centre of gravity will Hllo^Y tho direotion and I’apidity 
of its mofciou; with refoi'enoe to this XJolut tho two bodies will have op]>osite 
motions proportional to blieir distances from itj that is, tlioy will swing 
around this point as if on a rod pivoted there, and will either both niovn 
towards it along tho rod, or frofn it, vylth speeds inversely proportional 
to their masses. These relative motions 7oilh respcol to the cmire of gmvily 
ai-e easily found by dra^vlng through G a lino paiiillel to and monH- 

uring off on it distances OA*^ and OB^ respectively equal to G'M' and 

and 50'^ will then be the t^vo motions of A and B rehtiva to llmr centre 
qf gravity G. 
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426. Tlie Effect of their Mutual Attraotiou. -This will cause 
then to describe s inilar conics around tins centre of gravity the 

i ho foil ! of tlio orbits and dimensions will be detennined by tlie 
LomhiiuHl tniiHH of the two bodies, niid by their velocities with lipeet 

to tho common contra of gravity. * 

427. The Orbit of the Smaller relative to the Centre of the lare-er. 
t 13 conyeniont {though it is not necessary) to drop the consid- 

crution of tlio contro of gravity of tho two bodies, and to consider 
the motion of the smaller one nronnd the centre of tlie larger one. 
In roforenco to that point, it will move precisely as if its mass had 
lioon added to tluvt of tho larger body, while itself had become a more 
liartlcle. This relative orbit will In ail respects be lilco the actual one 
iiround tho centre of gravity, only ningnifled in the proportion of 
M + m to M; if m is ^ of iif, the actual orbit around G will 
ho iniignilicd by to produce tlio Telative orbit nvound Jif. 


428. The Orbit determined by Projection. — Suppose that in the 
llgiu'o (Fig. 142) tlio body P is moving in the direction of the arrow. 



FlOf 142.^KIUpticft) Orbit OetormliLod by Pi'ojectloi]. 


and Is attracted by supposed to be at rest. P will thenceforward 
move in a eonio, either in an ellipse or hyperbola, according to 
its velocity » as wo shall see in a momeat* S being at one focus of 
tlio curve, tho other focus will ho somewhere on the line PiVi which 
mukos the same angle with PQ that r (^P) does (since it is a prop- 
erty of the conics that a tangent-line at any point of tho enrve makes 
c(|ual angles with tho lines diwn from tho two foci to; that point). 
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If we CEin find the place of the second focus IPy or the length of tlio 
line PF in the flgure, fclio curve can at once bo drawn. 

!Now> it can be proved, though the demonstration lies beyond onr 
scope, that a, the semi-major axis of tlio conio, is clotorinlncd by 
the equation 

— (JCquatlon J) 

in which r is the distance /SP, FIs the velocity, and fi is the attriicLing 
mass ftt expressed In proper units. 

(8co Wftfflon^s “TliooreLloal Astronomy,” p. 40 ; only for y. lie wrltcH (1 + w0)« 

F, r, and aa being given, of conrao a can bo found ; we got 

" ;T — {H<inatioii 2) 

zfx^rV ^ 

Then by aiiblraotlng r from 2 a wo shall got or tho dlatanco PP, 
if tlio oiirve is an oUipso. If it Is a hyperbola, a will como out noga- 
tivG ; and to ilnd r' we must take and moaauro It off to 

Fy on the other side of tho line of motion. In olthor case, llo^VGVQr, 
we easily And tho othor focus, and tho lino drawn Llirougli the foci 
will be tho UiiG of apsides ; a point half-way botwoon tlio fool will be 
tlio centre of the enrvo, and any lino drawn through this centre will ho 
a diameter. Having tho two fool and tho major axis 2 a, -^4.^1', 
tho oiiiwo can at oiicc bo drawn, 


429. ExpresBion for a In Terms of the ** Velocity from Infinity,'* or 
P'Parabolio Veloolty.”— Tho expression for a admits of a more coU" 
venient and very interostlng form. It Is sliown in analytical meclian- 
Icfl that if, under tho law of gravitation, a partlolo falls towards an 
attracting body whose mass Is ft, from one distanoo s to another dis- 
tance r, its velocity is given by tho simple equation 






(ICduatlon !l) 


* If the differeneo Uotweon ff nnd r 1b called A, this equation heeomca 

iu» = 2^(i = 

\y r+A/ \T^ + ?’/</ 

Now if h is very Bmflll as compared with r, thia glvos 


which is the flame as the usual expression for llio velocity of a fallln^f body at tlio 
ottrth’B aurfnee, viz., 2g being rcplneod by tho fraction — ♦ 

V ^ 
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in in tins equation a bo made infinite. «, does not also become 
inflmto (tliat la, n body failing from an infinite diatanee towards tlie 
sun wiil not acquire an infinite velocity until it actually reaches the 
centre of the sun, and r becomes zero)) but we get in this case 

T 


'I’liis special value of w is usually called “ the velocity from infinity 
for tlio distance r,” or the “pora&offc velocUy" (for a reason which 
will appear very soon) . U is generally used as its symbol ; therefore 

; whence (Equation 4) 


Substituting this valuo of /x in equation we get 



(Equation 5) 


430. Eelatlon between the Velocity and the Species of Conio 
dosorihed, — From equation 5 it is obvious bow the velocity determines 
whether the orbit will ho an ellipse or a hyperbola, If is ?ess than 
the donominator of the fraction will be positive, a will also be 
positive, and the curve will be an ellipm; if the velocity of the 
body I\ at tlio dintanco r from the central body /S, bo less than the 
velocity acquired by the body falling from infliiity to that point, 
the body will movo around S permanently in an ellipse. 

If, on the other hand, is gYQaler than the denominator will 
become negative, a will also come out negative, and the orbit will be ^ 
a li}ii)eYholnM Ju tliis ease P, after once moving past S at the peri- 
helion point, will go ofi; never to return ; and it will recede towards a 
dllTerent region of. space from that out of which it came, because 
the two logs of the hyperbola never become parallel. There will in 
thin case be no perinaneiit eonneetiou between the two bodies. They 
Himj)ly pass each other with a little graceful recognition of each other's 
l)resenoo by a curvature in their paths, and then part company forever. 

If K* exactly e<pialB T/S the denominator of the fraction becomes 
xoro, a comes out inllnite, and tlie curve is viX^amhola, In this case, 
also, the body will never return ; but it will recede from the suu ulti- 
mately towards the same point on the celestial sphere as that from 
witicli it appeared to come, since the two legs of the parabola tend to 
piirallcllsni. Obviously, if a body were thus moving in a parabola, 
the sligiitest increase of its velocity would transform the orbit into an 
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h.yjjerhola^ mid tho least dimmidiun Into an dlipse; tlie bearing of 
'Wlilcb remark will become evident when wo come to deal with (joinots. 


431, Again, since 




? 


all bodioB havwgihe aavie velocUy F, at Ihe same diatanco r from tho 
Centre of force^ will have major a^es of the name length for their orhila^ 
no mailer what ma?/ he the airection of their wo/^o?i, 


'I liey will have the same period also, the expression for tho period being' 

rt a 

i (Wfttson, p, 40, lOqiuiilon 28.) 

V/I 
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432 Fxg, 143 lopiesont’i tho oilnts wliicli would ho dosciihcd by five 
bodies pi ejected at O with dilloient velocitips along tho lino OVy the distance 
OS 01 ? l)Oing taken as unity, as well as ilio jMuabolic volocity Tlio 
squaics of Uie velocities aio assumed as given beluNA,with the lesiilting 
values of « and i ' 


, \\hGiico — 5 , and } 

'Fins places the oiupiy focus at 
h"oi tho next lai gei ollipso 

0,-1, J/-L 

In tho Haiiie av h 

Vi^—ly Oj — CO , ^ " CO (Paiabola ) 

V^-2y J 2 (Ilypoi bohi ) 

433 Fig M 1 allows how Ihieo bodies piojected at P \Mlh pqual velocltte^y 
but m Uiffeient (iiiedtotiSy ludicaiod by the anows, desonb(» tliiee ddioioiit 



ellipses; all, Uonmiyoi, having tho same peuod, and ilio saino lougtli of semi 
majoi axis, namolv, (i-2 i y being taken equal to 
For a foul 111 body, F** is taken as - \ U^y and wifli the dnectioii of motion 
poipendiculai to ? This liodywill move in a peiteet enole, o coming out 
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to r, when In oi'dov to have ciVc«/flr inotloii, both ooiulltionB 

must be fulfilled; namely, F^itiiisb equal and the dii’cotioii of motion 
must be perpoudicnlar to the radius vector. 

434. Velocity of a Planet at Any Poi^it in its Orbit. — ^If AA' 

(Fig. 14 D) bo the major axis 
of a plnuet^s orbit, and KK* 
the diamotor oC a olrclo do* 
soidbcd around iS’ with AA^ na 
radius, then tlio volooity of a 
planet at any point, on Its 
orbit la equal to that wliioh It 
would have acquired by falling 
to N from the point n on tlio 
olroumfci’onco of tho circle. 
Tho jllomoiiatratlon la not dif- 
ficult and may be found In 
No. 1420 of tho “Astrononi- 
iflcho Nnolirlohton/' 

436. Projeotiles near the 
Earth. — A gooil illustration 
by considodng the motion of 
bodies projected horizontally from the top of a tower near the oartldn snr fno(S 
supposing the air to be removed «o there will bo no roflistanoo to Ibo motion. 

The "parabolic velocity" clrte to 
the earth's attraction equals 0,94 
miles per second at tho earth's eur- 
face ; t.e., a body falling from tlie 
stars to the surface of the earth, 
drawn ht/ the earlh^x attraction only, 
would have nequh-ed this velocity 
on reaching the earth's surface. 

First. I f a body be projected with 
a very small velocity, It would fall 
nearly straight downwards. If tlie 
earth were concentrated at the ix>int 
in its ceuti '0 so that tho body should 
not strike its surface, it would move 
In a very long narrow ellipse liavJng 
the centre of the earth at tho further 
focus, and would rehirn to the original point after an interval of 20.0 inliuitoH. 

Second. With a larger velocity the orbit would Ito a wider olllpso with n 
longer period, C being still nt the remoter fooiis. 

Third. V= UVi, or about 4.0 miles ijer aeeond. In this case the orbit of 



Fio. — l^rojMijloH uc'iii' Llm ]i:fii’tli. 



of the principles stated above ia obtained 
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tli(‘ body would bo a peifpci ciicle^ and tlio poiiocl would ho 1 h 21.7 m It 
will bo lemoinboied that wo louud that if Iho oaith*s lotatiou w'oio 17 times 
as lapid^ thus comi^loiiiig a lovolutioii in 1*' 21®,7, tho contiifugal foico 
at tho equatoi w'ould beconio equal to giavity (Alt 151), Also, Ait 4111 (4), 
tins samo time, V' 21"' 7, was found fiom Koploi^s thud law ns iiio peiiod of 
a satollito lovolvmg close to tho eaith*s Huifaco 

Fouitb F= 17 =r 0 04 luilos Tn tins case the piojectilo w'oukl go oft in 
a pa)aholat iiovoi to letuin 

Fifth. F > 0 04 111 tins ease, also* tlio body would novoc letuin, but 

would pass oft in a hypo hohi 

436 Intensity of Solar Attraction ~^Tho attraction between 
the sun and the oaith fiom some points of view looks like n^ery 
feoblo action. It is only able, as has been before stated (Art. 278), 
to bond tlio eaith out of a lectilinear coiiise to the extent of about 
one-nintli of an incli in a second, while slie is tiavelling nearly 
nmetoen miles; and yet if it wcio atlomptccl to leplaco by bonds 
of stool tho invisible giavitation winch holds tho eaith to tlio sun, 
wo should Ilnd the surprising losiilt that il would be necessary to 
covGi the wliole suifaco of the oailh with wiies as largo as telegraph 
wires, and only about half an inch apart fiom cadi other, In oulei 
to get a inetanic connection that could stand tho strain, This liga* 
nioiit of wires would bo stretched almost to the bioaknig point. Tho 
attraction of tho sim for the eaitli exi^^essod us tons ol foicQ (not 
tons of of course) la 8,600,000 inillious of millions of tons 

(86 with seventeen ciphers) ; and similar stresses act through tlio 
appaionily oiftpty space in all cliioctions between all the difieient 
pairs of bodies in the univeiso. 

436^ Note to Art 420 — It is woi Ih uoUug that (tiic squaie oi 
the paiahehc velnoity at any point) is simply twuo the (/utvUalwn jwtenhal 
duo to the sun*^ atitadion at that poiul 4'lio “polentiaF* may be tlellued as 
tlio enetgij which would bo acqitiicd by a mass of one mill, in falling to the 
point in qu(‘Htiou lioiu a pliioe whole the poiontuil (and iiUraeiion) is xoio, 
i ey fiom mhnily (Pliyaies, pp 20 and 28) Now A m is the goneial ox 
jnessien for tlie hmetio onoigy of a mass, ?a, moving with velocity F; if ni 
Dus expiesBion w'o make m—1, and F= f7, wo shall have, foi the case in 
hand, Enoigy ^ j 17% wlncli equals Ihe Potential at the ptniit 
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CHAPTER XII. 

THE PROBLEj\[ of THREE BODIES. — DTSTUUBTNG FOUOlCa ; 

LUNAR PERTURBATIONS AND THE TIDES, 

437. Tbe problem of two bodlos is oomplctoly solved; but If, 
instead of two spheres attracting each other, -wo have llireQ or more, 
given completely in respect to their positions, masses, and velocities, 
the general problem of finding tliolr Bubsequonb inotlons and ])rodiet- 
ing tbeir positions at any future date transoeiids tho proHOiit po^ver of 
our matboniaticB. 

This problem of tlivee bodies is In Itsolf just as dotonninato and 
capable of sohition as that of two, Givon the initial data,— timt 
is, the jH)^iiion8y ma^&esy and moUouQ of tlio tlirce bodioa at a given 
instant, — then their inotioiia for all tho future, and tlie posi- 
tions they will occupy at any given date, arc absolntoly pi‘G deter- 
mined. Tim difilenlty of the problem Ilea simply In the iiindeqnnov 
of our present matbenmtioqj methods, and it ia altogether probable 
that some time in the future this difilenlty will bo overcome — very 
possibly by the invention of new fnnctlona and nnmorloiil tablos 
which shall bear some sncli relation to onr present tabloB of loga- 
rithms, Bines, etc. as tliepe do to tho old mnltlpllcatlon table of 
Pythagoras. 

438. But while the general problem of three bodioa is tlnis intract- 
able, all the special cases of it which arise in tho consideration of 
the moon's motion and in tho motions of the planets have been solvetl 
hy special methods of approximation. Newton himself led the way ; 
and tho strongest proof of the trutli of his theory of gravitation lieu 
in the fact that it not only accounts for the regid^r elllptio motions of 
the heavenly bodies, bnt also for tho apparent imgiLlarUiea of these 
motions. 

439. The Disturbing Force. — In tho case where two boillos are 
revolving around their common centre of gravity, and the third hodv 
is either very much mailer than tlie central one, or very remote, tlio 



wnv True mm porr not takp away thp isioon. 269 

motion of Iho two will bo but sVightly modiftecl by the action of tiio 
third ; and in finch a case tlio siimll differences between the actual 
motion and the motion as it would be if the third bod}^ were not 
profiimt, am technioally called “ disturbances'* and “ perturbations/'^ 
and lilio force which produces them ia called the “disturbing force/’ 
This difiturbing force in not the aUraclion of the disturbing body, but 
only a of that attraction, and usually only a small fraction 

of it. 

The dislurhhuj force of the aitracting body depends tqmi the differ- 
ence of Uh (illruelion upon the tioo bodies it disturbs; difference either 
in (mount or in direciioyi^ or in both. For instance, if the sun 
attracted the earth and moon exactly alike eqncdly and along 
imndkl lines) ^ it would not disturb their relative motions iu the least, 
no matter how powerful its attraction might he. The sun’s inaxi- 
uiuiu dislurhivg force on the moon, as we shall see, is only about one 
(uglity-niutli of the earth’s attrnctiou ; and yet the sun’s attraction for 
tlio moon is actually much greater than that of the earth. . 


SiiHJC tlui ftuu’fi mass is JJ)10,00() times that of the earth, and its distance 
just about HHfl tiUH‘S that ol: the mooti from tlio earth, its attraction on the 

moon eamd>s iho eurth’s uttriietion X 8 ; t.r., the snn*s attraction 

ovir 

fiH th' tuiiiin h JHfHV; lh(in ihvhia that of the earth. 


440. Why tho Sun does not take the" Moon away from the Earth. 
" If at the time of new moon, when tlic moon is between the earth 
uiiil Him, the Hvin attniotn tlio moon more than twice ns much as the 
eavtli ilocH, it in a natural question why the sun docs not draw the 
moon away entirely, and rol> us of our satellite. It would do so If 
It weVe the enHC of a “ tug of war”; that is, if earth and sun wei'e 
HiKtcfi, inilling opposite ways upon the moon between them. 
Hut it iH not HO ) neither Him nor earth has any foothold, so to spealr ; 
hut all tlu'oe liodies are free to move, like chips floating on water. 
'I'hu Him attvaets the mrth almost as iniieh as he does the moon, and 
both earlli and moon falUownrds him freely ; though of course this 


I The slttvUan vviUbefir in mind Umt ihese terms (''perturbations ’• nncl «clis. 
wvbmeft”) ftvo mere (iKures of speech; tlmt pliilosoplUcftlly the purely ellipt.- 
eivl motiun of two ntiUimlly i.tlmetiiiB bodies alone In space is no more ' reguiaf 
limn the (at iireseut) hicoininiliiblo motion of ibvco or more attracting bodies. 
We have In mind it llieoloKlnn of some note who once mnintninctl that the per- 
tnrlmli(ins"ln the solar system arc a oonseipience of Adams fall, Hence the 

enutiun. 
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falling motion towards tlio situ is continually coiubluod with whatovoi 
other motion the earth or moon poasesBOS. The oiil}’’ olfootlvG cIIb- 
tiirhance is produced by the fact that, in the ease considered ^ tlui nw 
moouy hGi))g nearer the sun than the earth is by about part of the 
whole distaiicG, falls towards the anu a trifle faster than the envtlT, 
and so on that aocoimt the curvaturo of its oi‘bit toward the earth la, 
for the time being, diminished. 

At the half-moon the two bodies are equally attracted towards the 
81111 , but on convergmg lines / and bo as they fall towards the sun 
they apjyi'oach each other slightly ; and for this reason, at quiulrature, 
the moorl'a orbit !a a little more cuiwcd towards the earth than it 
would be otherwise. 

441. Diagram of the Difitnrbing Toroe. — ■ A very aliuplo diagram 
ounblea ua to find graphically the diaturblng force proilnced by a 
tlilitl body- 

(Whfit follows applies el literalim to oithor oE tlio t>YO diagrams 

of Fig. 147.) 




Flo, 147. — Dotonninallon of cho T>l§mrl)lng Forco by Oraplilcnl <>oj|fllrmHllou, 


Let J? be the earth, M the moon, and S the diaturblng body (tlie 
Bun in this case) ; and lot tlio aun^s attraction on the moon ha repre- 
sented by the line MS, Ou the same scale the attraction of tlic buu 
on the earth will bo i^sprcseuted by the lino EGy G being a point ho 
taken that EG ; MS = MS^ : ES^ ; that la, — 


The sun's aUraotIbn on the earth is to the allr action on the moon ns the 
square of the jrim’s distance from the moon is to the sqtiara of the Hun*s ilislaiwc 
J)'<nn the earth, according to the law of gravitation. has to do doublii 

duty ill this proportion : in the first ratio it roprosonts a forco; in the aocond, 
a distance,) 

,MS* 


From tins praportlon EG = MS X 
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Tn ilgiivo (^f) iho niooti is iioaroi’ to tlio sun than the eavth is, and so EG 
otniMis out han tlmn MS. Tn fi^>‘urG (J)) tlio reverse is the case, and therefore 
in tins tiasc ICO is Umjer than MS. 


Now il’ tlio forcio repi'osciitetT the line MS iveTe2mnilhl and equal 
to that npYemnted hy i?(?, there would be no distnrbauce, as has been 
Huid. If, then, wo cum rosolvo the foiec MS into two components, 
uno of ivldoh is e(|nrtl uiul pariillol to this component will be in- 
iKxiimt and liarinloHH, and the other oiio will make all the disturbance. 
To oilhct tliiH rOBoliitlon, draw through M tha line MK paiallel 
and equal to ICO. Join KSy and draw Mh parallel and equal to it, 
MJj is (him (he duslJirhiug force on the same scale as MS; the line 
MJj shows the line diredion of the di»tnrbing force, and in amount 
Iho disturbing force is equal to the sim^s attraction for the moon mul- 

liplieil hy tha fiuwlhm 'I’l'o cUngoiinl of tho parallelogram 

MLSKk jJAS', wliiish roprcBOuts tho resultant of tho two forces MK 
luul ML^ that form its sWos. 

Fur the Hiilco of oloavueas tho litio.s ivlueh i-epreseiit forces in tlie figures 
fti-d imlieatcil ))y Imrring-luMio markings, 

442. A.t first It Bcoms n littlo strange that in figure (6) the dis- 
Uii'liitig force should ho cllrootod uiouy from tho ami; but a little 
rollootioii Jiistillos tlio result, If i? and M were connected by a rod, 
and tliu .W-oiul of tlio rod wore polled towards the right more swiftly 
tlifiii tho ilf-oiul, It is easy to see that tlie latter would bo relatively 
thrown to the loft, ns tho figure shows. 


443, Tho sun is tho only body that sensibly disturbs the moon. 
The phuiotfl, of convso, aot upon tho moon to disturb it, but their 
muss Is BO small compared with that of the sun, and their distances 
HO groat, tliab in no case is their diVeci action sensible. It is true, 
liowuvcr, tiiat some of tlio lunar perturbations are affected by the 
nxistunco of one or two of tlio planets. While they cannot disturb 
tlio moon dinvilyy tlioy do so indirectly: they disturb the cart m 
Imr orliU sufllclcntly to make tho sun’s action different from wha i 
would 1.0 if tho planote did not oxist. In this way the plants 
Voiius, Mars, and Jnpltcr make tlioraselires foU in «ie ^ I 

The.ro arc also a fow small distiirhancos that depend upon tho fact 
that tho earth is not a perfect sphere. 

444. Since tho distance of tho sun Is nearly 400 times that of th 
moon from tlio earth, tlie construction of the disturbing or 
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Fig. 147, admits of coiiBulorable Bimpliflcatioii. Jt Is only ntioosBiiry 
to drop tliQ perpendicular j)/P upon the lino that join« tlic curtli and 
tlie sim, and tako tho point L upon tliia lino, ho that EIj oquala ilirm 
Umea EP, Tho lino ML ao determined will then vmj a2>]yi'oxim(Uchj 
(but not exactly) bo the true disturbing force. 


To prove thia relation, let in Fig. 147, bo 7), ii, and 

EP=:py also P — D-^-pj verp nearlt/t p being negative ^Yhon > ES, EG 
MS^ j)8 . 

was taken equal to 


Now, 


EL^GS^{ES--EG) = R^ 


Z)9 

IP 


developing this expression, we have 


j.£_ 3-PV + 3.Dp« + p» 

Since p ]b V617 email as compared with D, all tho tonus except tho first 
nearly vanish both in numorator and clenoiuinator, and wo have 

EL — (V017 nearly). 


448. Eeaolntion of the Dist\u’bing Force into Components. — In 
discussing the efTect of tho disturbing foroo it ia mo 10 eonvonionb to 
resolve it into threo compononts known as tho mdialy tho irngentiuU 
and the ortkogoml. The first of these acta in the direction of the 



Pia. 148, — UfxdiAl anil TanBonllal CompononU of the Dlatiirlilnff Foi-co. 


* 

radius vector ^ tending to draw the moon either towaitls or from tho 
earth. The second, the tangential, operatea to accelerate or retard 
the mopn'a orhilal velocUy. 

Fig. 148 exhibits tlieso two components ah diiferonb points of tho moon’s 
orbit. 

tt 
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Th(! tioniponont has no existence in cases where the 

lUsturhing' l)oily lies in the piano of the disturbed orbit ; but when- 
ever it lies outside of tluit plane, the disturbing force will gen- 
eriiliy also li(! outside of tlic orbit-plane, and will have a component 
tending to tlmw lht>. movmj body out of the plane of Us orbit. The 
inolion of the moon’s node and the changes of the inclination of its 
orbit are due to this component of the sun’s disturbing force, which 
eould not he oonvenicntly represented in the fignre. 

M6. Tlie radial force in the case of the moon’s orbit is a maxi- 
mum atsyzygies and quadratures; in fact, at quadratures the whole 
disturliing f<»r<!e is radial, the tiingcntial and orthogonal oompouents 
hntli vanishing. At syzygics (now moon and full moon) the radial 
force is wyative; that is, it draws the moon f'om the cartli, dimiu- 
inhing tlio eartli’s attraction by about one eiyhty-ninth ' of its whole 
ninount. 

At (]imdfatur() or half-moon the radial force is postY/w; and since 
L tliim falls at IS, it is ropresentod by the hue QE, and is just half 
wliat it is at; syzygien ; that is, it equals about one one hundred and 
ueventy-diyhth of tlio earth’s attraction. 

It becomes zero at four points rxl" -14' on each side of the line of 
syzygloH. 


'i'liis angle Is found from the uoiulition tliat the disturbing force M,L^, 
etc,, ill Fig. l‘l«, must lie porpoiulicular to the radius EM^ at this point, 
which gives us A’/’, 1 1’p!/, ; : f A’i^i = 2 ijf*, j therefore 

A7V, and ta^^ 

447. Tlio tuuynnliul component starts at zero at the time of full 
moon, risuH to a imuxiimim at the critical angle of 4.5° (having at 
that point n vidiio of , }„ of the earth’s attraction), and disappears 
ngiUii at qun(h'alnrc.s. During the first and third quadrants this 
force is neyiiUve; that is, it retards tlie moon’s motion ; in the second 
and fourth it in positive and accelerates the motion. 


< At H^-ygies .!//> SJ X AW (Pig. 147) ; but EN = Therefore 

i>f the attmotion on tlio moon. Now the sun’s attraction is 2.18 

, I 1 n 2X2.18_ 1 

tlmufl tlu' curth^H ; lioncu tUo eurth*fs attraction imutipuod by 2' 
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448. Lunar Pei*turbatlona. — So far it has boon nil Hailing, 
(br nothing beyond oleniontary matlioraaticB is roqiiirod in dotonnln- 
tug the diBtnrblng force at au}'- point in tlio moon’s orbit; Jnit li> 
detemine what will be the effect of thin continually mryimj force aflev 
the lapse of a given time, \q}on the moon* s place in the nhy in ii in'oblcin 
of a Tery different order, and far beyond oiir scope. 'L'lie road nr ^vho 
^viahes tc5^ follow np this subject must take up tho nioj‘0 extended 
works upon theoretical astro noiny and tho Iniiiii* theory. A fmv 
points, however, may be noted here. 

449. In the fli^st place, it is found most convenient to oonaldor 
tho moon ns never devlatiiig from an elliptical orbit, but to eoiiHichir 
the orbit itself as continually changing in place and form, writhing ami 
squirming, so to speak, under the dlsturbiiig foroos ; just as If the 
orbit were a matenal Imop with tho moon strung iqjon it like a hea<l 
and unable to get away from It, althoiigli elio can ho set for\vHrd and 
backward in her motion upon it. 

460. In the nest place, it is found possible to roprosout nearly nW 
the perturbations hy pferiodical fomuko — tho same valneH rcHiiirriug 
over and over again iiidoflnitoly at regular intervals, lids in hocaiiHo 
the sun, moon, and oai^li keep coming back into tlie snnio, or nearly 
the same, relative positions, and this leads to roourring vahu;H of tho 
disturbing force itself, and also of Its ofPeots. 

461 . Third, tlio number of thoso soparato perturbations wliioh 
have to be taken aooount of is very largo. In the computation of 
tho moon’s longitude in Iho Am or loan Ephoinoris about seventy dif- 
ferent inequalities oi’e reckoned in, and about half as many in tluj 
computation for the latihido, Thoorotloally tho nunihor Is in Unite, 
hut only a certain number produce offoots soiiallilo to observation. 
It Is of no use to cjompiite distiirbancos that do not disi)laoo tlio moon 
as muoli as one-tenth of a second of ai*o} Lo., about COO foot In her 
orbit. 

■452. Fourth, lu spite of all that has been clone, tlio lunar tlicory 
Is still incomplete, or in some way slightly orroucous. The host 
tables yet made begin to give inaocurnto rosiilta after fifteen or 
twenty years, and require correction, Tlio almanao place of the 
moon at present Is not unfreqnently “ out” as mncli as fl" or 4" of 
arc ; i.e., about three or four miles. Astronomors aro continually at 
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.-ork ■>.. but tbo uo.»,n,totio»8 by our present .netboj, 

(U'o exuoeduigly trtlions inul liable to numei-ical error! 

453. Tlic iwiiicipiil on-eota of the suu-a aistiirbing notion on the 
iiKiou lira tho toilowiiig:— ' 

~ -fllbrnh. -Sing. ,l„ ,„,a 

t!»e a>Htui'lmig foveo is netjalive, niero than half the wav romid M 4 ‘> 
•M' 01. enoh uiau of the lino of sj-zygies) and Is t.rice as^reat at 
•sy/ygioH as ti.o positive ooinpoucnt is at quaclmture, the net result is 
tliat, taking tim whole moutli through, the earth’s attraction for the 
viioon IS Inmuml h,, nearly sJ-j 2WH. The effect of this is to in- 
ereiiKo tlie iinun. .li.stance of the; juoou from tl.e eartli, and to make 
the mouth (ihout an hour longov tlian it would be if the sun exerted 
no (IiHf;iirI)iu|< fohui, 


/ymmd: Thu Uinmlidkm of iho, JAne f?/ 4psiV/es, —This is 
nuunly io Uw nUlhil winponcnt of the disturbing force. "When 
Iho moon t.-oimm to apoynu nt tho time of new or full moon, the 
dimiuutUHi.or the (jiVL-th's (jffectivG iittraction for tho moon canses it 
to m()vo on fiirtijov then it would otherwise clo 
hufon) turning the (lornoV) ho to spotilc, tlio con- 
\m\\Q that tlm line of upsides advances 
III the line of tim inoon'H motion. AVhon the 
moon piiHHCH at Unit time, the effect is 

rnvevHed, and the upsidoH voyrOHs; but since tho 
dlsturlnng bnmu Ih greater at .apogee than at 
ptu’lgtHh tlu^ long run tho advancing motion 
preiloininutOH. When jKirigoo or apogee la 
piiHKod at the time of (juadralnrey the lino of ap- 
si dim is altto diHlvivIied ; but the diaturbauces 
tIuiH pn)(hu^i‘d emvllij hdance each other in the long run. The not 
Vi!nult, UN huH iuum Hinted heforo (Art, 2^8), is that the Hue of apsides 
(lomjileUiH a dlreet revolution once lu about nine years (8v855 years 
It tlouH not move forward steadily and uniformly, but 
Us tuotlou in niado U|) of altornuto aclvanco and regvessiou. Fig, 
Mb iHuHlnduB tUis motion of tiio moon's apsides. 



l*\)r a tullur dimniHsion of. ihe sul^jeet, see iroraohol's Outlines of Astvon- 
<miy » hoiilUniM U77-h8i^, \>v Alvy^n Clvavitatioii,” pp. 80-100. 


46fi. Third: Thu JUyr<mion of the jVodcs;— The orthogo^ial com- 
pmmt (jmamUn (nt>t idwayH) ien ris to drmo ihu moon toivards the plane 
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uf the ediptic, Wluincvci* thi« in tlio cam) nfc the wluin Llu' moon 
U passing a noclo, tho elfucfc (as in easily boon frojii IHO) of hiicIi 
a foroo PiOi^ aothig upon tho moon at 1\^ 1h to nhUl l.lm ihhIo hark- 
ward from jyi to iVg, tho moon taking tho now piitli /y^iiVyi Ah IhiJ 
moon is approaching tlio node, tho inclination of itH orbit In aim* In- 
orGUBod; hut as tho moon loavoH tho node, it \h again diininlHlmd, tho 
path being hont at back to I\Jhy iianillcl h) 7Vh J b(i Unit 
while by both operatioiiB tho undo is made to rocodo frtnn N| in N-,, 
the inolinatlon suffors very llttlo cliango, If tho ortliogoiml (Hnnponoiil 
1‘oinaliis tho same on both sidoH of tlio node, 

Since tho orthogonal componoiit vninHhOH twice a year, — when the 
sim lb at the nodes of tho moon'b orbit, — and also twice a nioiilh, 
— wlien she is in f|iiadratnro, — the rule at wliluli llie nuduH rrgri'HH 



is extremely variable. In tho long run It inakoH ItH liackward revo- 
lution once in almnt ninetoon yoara (Arts. 2^111 and <h)l). [IH.ODPT 
years. — N’elnan,'] 

Soe Horscliol'fi “Outlinos of AHlrononiy,*^ HCfiiion OUH 

468. Fourth: The JSveclion , — This {h an Irrcgnhirlty which at the 
maximum puts the moon forward or back ward about 1 1^(1^ 16' 27^'. Ob— 
N'ei8on)y and has for Its period the time wlih^h in (X^nnplcd b 3 ' the 
sun in passing from tho lino of apsldoH of tho inooidn orlilt iQ tlie 
saino lino again ; about a year and an eighth. This Is tho largCHl 
of the moon^b perturbations, and was earllobt dlKcovm’ed, liaving been 
dotootod by Hipparolnis about 150 years n.c., and afterwards more 
fully worked out by Ptolemy, though of conrso without any under- 
sending of its oausc. It was tho only lunar pertiirluitlon kJiown to 
tho anolenta, It depends upon tho aHe^^uUe inercaHe mul (lermtHo of 
the ecceMricihj of tho mooii*s orbit, which ia always a nmximnni wlnm 
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the Rini is passing tho moon’s lino of apsides, and a ininiinuin when 
tiic mn \H at right angles to it, 

Tins iiUHiimlity may alfcot Uio time of an eclipse by neadv six 
Iinm-H, mukiiig it anywliei-c from fclu-eo hours early to three liours*lnte 
tVH eompiired witli tho lime at which it would otherwise occur ; it was 
this circumstance which called the nttcution of Hipparchus to it. 

Hco llovsehel’a “ Outlines of Astronomy,”’ sections 748 sctiri. « 

467. Fifth t The, Vanalion — ^ This is an inequality due mainly to 

tho, tanijenlu.il conqionent of tlic disturbing force. It has a imriod of 
one immtU, and a maximum amount of 30' 3O''.70, attained when 
the moon is half-way between the sysygles and quadratures, at the 
8(j-called “ octants.” At the (lr.st and tliird octants the moon is SOI-' 
(f lier m(!un place (about an hour and twenty minutes) ; at the 
•second and fourth she is as much behind, This inequality was de- 
tected Ity Tycho Itrahc, though there is some reason for believing 
UuiU it hud been iircviously diBcovered b^’ the Arabian astronomer, 
Aln>»i\ Weftt, live couturles enrlior. This inequality does not aj'ecl 
tho iimo of dll ('Wqase, being zoro Ijoth at the syzygies and quadra- 
tures, and therefore was not detected by the Greek astronomers. 

See Hersehors “ ( Uitliiies of Astronomy,” sections 70S seqq. 

468. tili.dk : 't 'ko Aniimtl IHf/uaiton, — The one remaining inc- 
tpuility which tU'fects tlm moon’s place by an amount visible to the 
naked eye, is the Ho-called '* annual equation.” When the earth is 
nearer the Him than its mean distance, tlie sun’s disturbing force is, 
o(! course, greater than the mean, and the nioutli is lengthened a 
lilt.lv.; during that Imlf of tlio year, tlioreforc, the moon keeps falling 
hohindlumd and 'otee wirm during tho half when tho sun’s distance 
o.si!oedH the mean. The maximum amount of this inequality is 
11' aud ItH period one auoinalistlo year. 

See lltivar.hel’H “ Outlines of Astronomy,” seotioms 738 seqq. 

'I'huro romaiiiH one lumir irregularity among tho multitude of lesser 
mu'H, which in of great interest theoretically, and is still a bone of 
eontcntkm among matliematical nslvonomera; namely, — 

460. A'oDiinth: T/te tSeeni/ir yicoelemlioii of the Moon’s Mem Mo- 
tion. —h WiH found by Halley, early in tho last century, by acom- 
pitrlHon of imclcut ’svitU modern eclipses, that the month is now 
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CLU’tiunl^’ nlun'tor tlu\n it wub in Iho ihiy» ol* J^loluiiiy, nml tiuil 11 in 
shortening luis boon progmsHivn, upimnmtly going on (M)iilrliniouKly^ 
— in swcidti {iif'cidinuiiiiy — wliojieu tlin imiun. l<h) ynaiK llin 
moon, ticoonling to tlio rosulin of r<Hpla(tn, gets in mlviuuui of \\h 
moan place ul>out ^0'^ and the tidmnro inermsrs tnifk f/n* sfjtitfrn nf 
the timo^ so that in a thouHand yours It wiiiild gain nearly looii^', 
and in 2()()() years -iOOt)^^, or more than ii ilegron. 'Tim moon al 
present is supposed to bo Jimt ubout a degroii in mivaiKn^ of Ua^ posi- 
lion it would liavo liold if It Inul ke[>L *ni sinco tlio (nirislian mri 
with jn'ccisely tho rate of motion it tinm lia<l. If UiIm iKnadcnilloii 
wore to continue indollnliely) tho iiltimaio result would be that llie 
moon would full upon tho earth, as tho (piiokomal inoLiun fiorresfunuls 
to a Bliortouod dlsUineo. • 

400, It was iioiii’ly 100 years aftor lIulley'M diseovery lieforo 
Tjapkeo found its explanation in tlie {leuroaHlng eeiamtrieity of (lie 
carlli’s orbit. ITiulor tho action of the *>ther pin nets ihiH orliit is now 
growing more nearly eirciilar, without, lanvovor* <^liiingiiig the lengl li 
of Its major axis. Thus iin area hmmeti Imyor^ and the ear Mi’s if.rvrutjv 
distance from tlio Him becoimm groutm' (altlKaigh the mran dislainm, 
toclmically fio-oalloO, does not cliaiigo, the “mean distance*' ladiig 
simply lialf the major axis), A« ii result of tliiH rounding up of the 
eartli*a orbit, tliofmovif/c dint nrhhnj J} tree ofllni huh m therv/are flniun- 
ishedyiwn] tluB diminution allows the month to come imanu’ llic length 
it would have if there wore no sun to {lisUirh the motion ; (hat is Lch 
Bay, tho month keeps sliortoning little hy little, and It will contimm 
to do 80 until the eccontrluity of the eartldn orbit lieglns to incream^ 
again, Homo 25,000 yoara bonce. 

461. . Puli the tlnHjmtieal amcnint of this iimileralloii, nliiml in n 

oeniary, dons net agree with tlie value obtained by the mnsi 

nnoloiit ami modern oelipnos, wlileli In about 12'^; luui UiIh value, imaln, ilocs 
not agree with iho one derived by eomparlng mmlern oiMervatioim of Iho 
moon w'lili those nuido by tho ArablauH ahnut a tlejnsaiul yisirs ago, wliieli, 
according to recent invesligatlehs by IVofessfir Keweeiab, imilcufe an 
acceleration of only abmit 

So long as tlio uotual acceleration was eonsldensl to i»e pj"', it was grmei^- 
ally flupixjsod that tlio dlseropaney between the tlicorcHleal and iibsm vrd 
result i« due to a reiarfUiiion of the. mrih'ii ruun'mi //// dw fnrtitm if \Un 
iidcSt (iml a cousefpteol of iho day. Evidently if I lie day tiiid 

Iho KQoomlfl becoino a little longer, there will bn fewer of tlnno in f‘ierli 
month or year, and tho apparonl offeet of sueli a eliange would be In slini len 
all really constant QHtreneniloal piu’ledfl by one and the Hiinie prirciuiliige. 
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As nmtteifl stand today it is Imully possible to asscifc willi onnllrlBnco 
that llicio IS any ical disci opanoy to bo accounted foi between the thooiei- 
ical and ob/ieivod values, tho lattei being considoi ably luiGoilain In New- 
comb’s ** X’opulai Astionomy ” (pp n0'-102) tluno will be found an iiiteiGstiiiR 
and tiustwoiihy discussion of tho subject* 

Questions like this, and tlioso i dating to Uio loinaiinng disci opancies 
botveen the lunai tallies and the olisoivcd places of oui saiolhlo, he on tlio 
voiy fioiitieis of niathonuiiical astionomy, and can be cloalt with only 1)\ 
tbo ablest and most skilful analysts 

ITIK TIDES 

462 Just us tho thsUubing loico duo to tho sun’s ciUiaction 
affects the motions oi tho moon in hoi oibit, so tho diaiuibmg 
foiccs due to tho atii notions of the moon and sun acting upon tho 
fluids ol thooaith’s siufiice pioduce iidcs Those consist of the 
logukr iiso and full ot the water of tho ocean, tho avciago mtoival 
between succghsivo high watois being 21'' 51''’, wliich is piooiscly 
tho same ns the aveuigo iiiteival botwecMi two succosslvo passages of 
tho moon aoiosH tho nuMidian. T'lus coinddenee, maintained indofi- 
lutclvi of iLsdf makoB it ccitaiii that theio m\\< oc soino causal con- 
nection between tlio moon and tho tides, As some one baa said, the 
odd 51 mimUcB is the moon’s ** 

463, Defliutions — When the water h using, it Is tide , 

when falling, it is ebb ” It is high toale) ** at tlio inonioiU when 
Iho tide IS highest, and ‘Worn coaler whoa it is lowest 
tiden*' mo tho highest tides of the month (which oocm near tho 
tunes of now and lull moon), wlnlo ‘Mimp tidOH** aio tho smallest, 
which occur wlion the moon is in (piadrntiiro* Tlio lolalivo lioiglils of 
tho spring and neap tides aio about as 7 to 4. At tho time 
of spi mg lidos tho mtoival between the couGSpoiuling tides of sue- 
cessivo da^B is less than the aveingo, being only about 24" 08”*, 
and then Iho tides are said to At neap tldoB the miorvul 

IS 25" b”*, winch is gieator than tho mean, and tho tides larj.*^ 

The eaUiblifihmeut** of a poll is tho moan intoival botwcou the 
limo of liigli water at that poll and tlio iic\t preceding passage of 
the moon across the mendlan At Now York, for instance, this 
“ oatablislunent ’’ is 8" 13”*, altliougii tlio actual interval vailcs about 
22 iniuulos on each side of tho moan at dilfoiont times of the month 
That tho moon is largely rosponsiblo foi tho tides Is also shown by 
the fact that tho tldos, at tho time when the moon is in perigee, aie 
nearly twenty per cont higher than those which occur when she is In 
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apogee. The highest tides of all happen when a nm or fuU 7 }ioon 
occurs ai the time the <inoon ta in jjerigee^ eapeoicdhj if this occHra 
(ibout January Ist^ ^ollen the earth is nearest to the aim. Since, ns 
we aball see, the “ tide-raising” force varies liivoi'soly as the ouho of 
the distance, slight variations in the dletauco of the moon and sun 
from the earth make mnoh greater variations in the lioigbt of tho tide 
—greater nearly in tlio ratio of 3 to 1, 

464, The Tide-EoiBing Toroe. — This is tho difference hotwoon tlio 
attractions of tho sun and moon (mafiily the latter) on tlm mnln 
body of the earth, and tho attractions of tlio samo bodies on ))ai'li- 
oies at clifTorent parts of the earth^s suitacc. Tho tide-raising forcjo 
is but a very small part of tho whole attraction. 

The amount of this disturbing forco for a partlolo at any point 
on the earth's siiVface oan bo found approxlmatoly by tho same gco- 





Fia. 151. — 'fho Moon'i Ttdo-RfliBlng Force on tlio ICRfth. 

metrloal construction which was used for tho lunar theory (Art. 
-141). Draw a luie from tho moon through the oontro of tho cmrtli. 
At the points A and Fig. 161, where tho moon is directly over 
head or under foot, the tide-raising force la directly opposed to gravity, 
and equals nearly ^ of the moon’s whole attraotion, since tlio lino An 
reiKeaents the disturbing forco on tho same soalo as tho lino from A 
to the moon represents the moon's attraction, and this line, In 

about sixty times the earth's radius, while Aa is just double it, bo 
oaiiso Ga has to be taken equal to 3 X OA (Art. 444). 

Since the moon's moss is only about of tho earth's, and its dts- 
lanoG is sixty radii of the earth, this lifting force under tho inoon, 
es^pr eased as a fraciioji of the earth* s gravity^ equals 

^ ^ A* ^ IJ “ 8 6 41) 0 0 0 » 

i.e., a body weighing /our thousand tons loses about one pound of lla 
weight when the moon is over lioad or under foot* 

At D and anywhere on the circle of tho earth’s surfaco whioli 
is 90® from A and 5, the moon's disturbing force increases tho 
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wpiglit oI fi lit'tlv l>y jiisb biilE this araotmt, the ciistiiibiiig foice being 
iiiciibiiipil liy tlio linos J )0 aiul JSC. At a point Fy situated anywhoic 
on a ciidu cliawn aiouiul oitlier A oi B with a indms of 54° 44', the 
lu'UjJd of 11 body !*» iioithei inci cased nor deci eased, but it is in get! 
lowaidh A OI B with a hoiuonlal foice expiessed by the lino iy, 
winch foice is equal to about -n-nffinrinr 'f® weight 
Tn the siuiic way the tidal foices at G and 11 aie expiessed by the 
lines Oil and Tlh 


466 'I'U'v sumo lesnll foi the lifting foico diicctly undei the moon may 
booblumed moio oxaclly ns follows Tho distance fioin the moon to the 
(('iilio iiE tl'fl aiutli IS sixty times tho enith’s ladius, and theiefoio the 
distiwee fiom tlio moon to the points d and li icspeotively Mill bo 60 and 
01 Tho moon’s nttinction at A, C, and B, expiessed as fiaotions of the 
oaiUi’s giiivitv, will l>o ns follows — ^ 

AtlHiotion of moon on paitiolo a6d== 0 000000 >910 

AUiaction of moon on pailiolo at (7= <7X^^=0 0000034723X51. 

Attinotion of moon on pai tielo at 71 ^ <7 ^ ^ 0000033608 X 9 * 
Iloneo -1 — f ' • 0.0000001 la7 <7 = g ,j24,000® 

a- li 0 ()0000()ll.!0f/= 8^8,)5j000^ 


'I’his Is mnu) emieot than the puieoibiiB, whioh is based on an approxiraa. 
tiou that oousidoiB the moon’s dislanco as smy hiuje comp-iied with the 
oai Ill's ladins, while it is loally only sixty tunes as gieat.and sixty is hardly 

ft«vi'»Ylaiu;«'’nnmhoi insiK-haoiiso 

Mlempts l.ave l.ccn nni.lo to oh^cne dnectly the vauatione in he foice ol 
«u V tv inmlnecd by tlm moon’s notion, hut they aie too small to be detected 
tilh uslamty by imy oxpoiimmitnl inolbod yet contiived Both Barwm 
In Vi m found that other oausos which they could imfc get . id of pioduced 
Ituihlmces mine tlnm si.nioimit to mask the whole action of the moon 

466 U is wmtb while to nolo in tins oouneotion that the 

:i°w« a”',!!,’. .."I • 

Altniolioti aL A 




M 


III ti action at C — 


"I'lilc at.il 


t 1 1 I, .ir j 2i)^ . I 

7)’} + ) 

, r ( I = A/ I . nearly 


when / Ih amiiuU fuioUon o£ i?t 
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467. It i e very apt to puzzle the btiuloiit that the moon^B action 
ahoiild be u lifting force at B as well as at A (Fig. lol). Ho in 
likely to thick of the earth as ilxodi and the moon also fixed and 
attracting the water upon the earth, In which case, of conrBo, tlio 
moon’s attraction, while it would decrease gi'avity at H., would ijicrcusu 
It at B. 

X) The two bodloB are not flxed, 

however, Lot him think of the three 
particles at O, and B^ Fig. IT) 2, 
as unconnected with cacli other, and 
fulling froely towards the moon ; 
then it is obvious that they would 
separate; A would fall faster tluin 
Fio. 162 .— Tbe Statical Theory of tho T I doi. aiid 0 than Ji. Now imagine 

them conucctcd by an elastic cord. 
It ia obvious that they will still draw apart until the tension of the 
cord prevontB any further Bepavatloh, Its tension will then inouBure 
the ‘lifting force’’ of the moon which tends to draw botli the par- 
ticles A and B away from (7, 

468. The Sun's Action. — This is precisely llko tliat of the moon, 

except that the buu’b distauco, iitatead of being only nixty tlincH tlio 
earth’s laduis, is nearly 28,600 times that quantity. Hlnco tlm tiiUi- 
ralsiug power varies as the cuhe of the distance invorsedy, while the 
attracting force varies only with the inverso square^ It tui'iiH out that 
although the sun’s attraction on the earth is nearly 200 tiinca as 
great os that of the moon, Its tide-niisiny poiom' ia only uhoitl Iwii- 
Jifihs as much. When the sun is over head or under foot, ills clis- 
tiirbing force diminishes gravity by about j, 

469. fltatioBl Theory of the Tides. —If tho earth wore wltolly 
composed of water, and If It kept always tho same taoe towards Llie 
moon (as tho moon does towards the earth), so that every parthdu on 
the earth’s surface was always subjected to tho same disturbing I’orco 
from the moon, then, leaving out of account tho sun’s action, a per- 
manent tide would be raised upon tho earth, distorting It Into ii 
lemon-shaped form with tho point towards the moon. It wo\il<l he 
permanently higher water at tho points A and 3 (Fig. 16*2) directly 
under the moon, and low water all around tho ctvrth on tho olrulo UO'’ 
from these points, as at D and ]S. The difference of tho level of 
the water at A and D would In tliis case be about two feet. 
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Tho buu’b iioiioii wonlcl produce a siuiilar tide superposed upon 
tiio lunur tide and having about fcwo-fifths of the same elevation. If 
iluj two tide siininiUa should coincide, the resulting elevation of the 
high water would bo the sum of the two separate tides. If tlie sun 
\voru from the moon, tho waves would be in opposition, and the 
))(dght of tho tido would be decreased, the solar tide partly filling up 
the depression at tho low water clue to the moon’s action, 

Suppose now tho carLli to be put in rotation. It is easy to see 
that those tidal waves would tend to move over the earth’s surface, 
following tho inooii and sun at a certain angle dependent on the 
incrfcia of tho water, and with a westward velocity precisely equal to 
blmt of the ourth^s eastward rotation, — about a tbousaucl miles an 
hour at the equator, But it is also evident that on account of the 
varying deptli of llic ocean, and the irregular form of the shores, tho 
tides could not maii^tain this motion, and that tlie actual result must 
iMummo exceedingly complicated. In fact, the statical theory be- 
uoines utterly miBatisfactory in regard to what actually takes place, 
iind it is nocossury to depend almost entirely upon the results of 
(dmor ration, iiBlng lho theory merely as a guide in the discussion of 
the olmorviitions, 

Yet Nvlulo thiH statical tlieory of the tides worked out by Newton is 
(lerlaiuly inadequate, and in some re,spects incorrect, it easily furnishes the 
explanation (jf hoiihj of tlm most prominent of the peculiarities of the tides, 

470. Tho Priming and Lagging of the Tides, — About the time 
of uinv aufl full moom as has boon stated before (Art. 463), the interval 
iaUAvecii Urn corresponding tides of successive days is about thirteen miiuites 
1,‘HS than Urn nvmi^o of 24»^ 51 while a week later it is about as much 
longer. Tho reason is found in the comhiuatioii of the solar and lunar tides. 



the days of uo.w and full inoou the two tides coincide, and the tide 

observation. 
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At quadrature the crest of the solar tide will bo just 00® fvotvi tlio or(‘8t oC 
the lunar w'avc, but It will leave the euiniuifc of tlio combined to(we just whore 
it would be if there were no flohir wave at all : evidently tbero is no possible 
reason why the Bniallor wave at iS and 5' should displace tho orostof tho wave- 
at L (Fig. 153) towards the right that would not also require its displace mo ill; 
towards the left; it will thorefoi‘6 simply tho wave at L wilhoul dis- 
placing iTono way or tho other. But ’whoii tho solar tide wave >SVS^^ 

154) has its crest at and 46® from L and as it will do about Lhren 
days after now or full mooiq then its aoinbiiiation with the lunar wave will 
make tho crest of the combined wave take position at a point AT betwoon Urn 
two crests, and about half an hour of time ahead of tho lumn* tide; 

so that at that time of tlio month high water ^YiU occur about half an liDur 
earlier than if there woi*© no solar tide (sinoo the tido waves travol westward). 
And this halMioiir has to bo gained by diininisliing tlio interval lietwoon 
the successive tides for the throe pi'ecodlng days. Similar veusoning allows 
that when the solar tide crest falls at and 6'/, tho conihined tido wave will 
be eoRt of the lunar wave, and come later Into port. 

471. Effect of the Moon’s Deolination and Biurual Inequality. — 
Til high latitudes on the Pacific Oooau, Uvlce a iiionth, wliou the moon is 
farthest north or south of the celestial cqnatoi', I ho two thlcs of ibo day iii^ 

very difCo roil till iiuvgn it lulo, )Vlum ilm 
moon’s dooli nation is VMVi), tbern is tu> 
Buoli dlfforouco; nor is tlim'Q over any 
diltcreucQ at ports which am near tho 
earth's equator. 

Fig. 156 makes it clear why It slnnild 
be ao. When tho moon’s (hiolination is 
zero, things am as in Fig. 162 (Art. 
400), and tho two Lidos of tlm sanm 
day are eonslbly equal at porLs in all 

s.o,wt,-Tb«Dmn..Uncr,u.my. utihuloH. Wlioti tlio IHOOI1 1 h III lior 

greatest northern dealliiation, say 28^, 
the two tido BiimmitB will be at A and A> in Tig. 155) tlio tide wliioli 
ocoiirB at B when tlio moon 1 b ovorliead will bo jfi'oat, wliilo Uio tido in tlio 
corresponding southern latitudo at B> ivill bo HUinll. Tlio tidoH wlihili 
oednr twelve liours later will bo amall at tho northorn Rtatioii, tlion Bitualtul 
at C, and large at the soiithoi-n Btatloii, tlioii at C'. For n port on llio 
eiiuator at £r or Q there will bo no Buch diifoi'once* In tlio Atlautio Ooeiui 
the differonce is liardly uoticoablo, becauHo, os wo Bliali boo vury booh, the 
tides in tlmt ocean are mainly (not entirely) duo to tide wavoH propagiitod 
into it from the Paciflo and Indian Oceans around tho Capo of (loud Hoiw). 

m. The Wave Theory of the Tides. — If tho onrth wore ontlroly 
covered with deep water, except n few little Uplands projecting hci-e 
and there to Beiwe, for observing stations, the tide waves would riin 
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around t;ho glo])e rmjnlarhj ; and if the deptli of the ocemi wore ovi^r 
thirteen miloB, the tide crests, us cun be shown, would follow the 
moon nt un angle of just It would be high water just where the 
statical tlioovy would give low water. If tlic depth were (as it really 
in) nuieli less than thirteen miles, the tide wave in the ocean could 
not keep up with the moon, and the result w^ould be a very eoinpli- 
cated one. 'I'lio real state of the ease is still worse. The contineiUs 
of North and South America, with the southern antarctic coutiiient, 
make ii harrier almost coinplote from pole to pole, leaving only a 
narrow passage at Cape Horn ; and the varying depth of the water, 
and the irregular (jontoiirs of the shores are such that it is ciuile 
iinpOHsihle to detonnino by theory wliat the course and character of 
tlie tide ^vavo must be. Wo must depend upon observation; and 
(d)Hervation8 are iiiadequate, because, with the es:ception of a few 
islands, our only possible tide stations are on the shores of continents 
where local circmnstancea largely control the phenomena. 


473. Free and Forced Oaoillations. — If the water in the ocean is 
suddenly distiirl)ccl (as for instance, by an earthquake), and then 
left to itself, a free’' wave will be formed, which, if the horizontal 
dimensions of tho wave arc largo as compared with the depth of the 
wut( 5 r, will traved at a rate cloponding solely on the deptl^ The veloc- 
ity of such n free wave is given by tlie formula ; that is, it 
is e(iual to lliQ mtooAhj acquired hy a body in falling through half the 
depth of the ocean. 


ThuH a depth of 25 feet gives a velocity of 19 + miles per hoi 
J^QQ H fi « « 39 “ ** “ 

10. 000 » “ ” “ “ 388 “ "■ 

40.000 « « “ " “ 775 

07,200 (12j milos) “ “ l^^O 

00,000 “ “ “ “ “ 1106 


ur. 


it it 

u 
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()l)a(!rvatlonH iiiion tlic waves caused by certain envtUqnakes in 
Hniilli Amerlea and Jninin bave tluia iaformed us tliat between tlie 
coasts or tliose countries the Paciflo averages between two and one- 
luilf and tlii'ce inilcs in depth. 


474. Now, ns the moon in its dinrnnl motion passes across the 
American continent ciieli dny, and comes over the Paciflo Ocean, i 
starts mich a in the Pacific, and the wave once 

started niovcs on new'ly (bnt not exactly) bke an eai ® ''* • 
Not exactly, because the velocity of the earth's rotation being about 
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lOr>() inilofl an liour at tlie Gqiuitor, thn moon ruii« relatively woBtwui'd 
faster tlniii the wave on a iiatiirally follow, and so for a while slightly 
fiocele rates It. A second tidal wave Is produced daily t^velvo hours 
later when the moon passes underneath. The tidal wave is thus, in 
its Qvi{fin^ a forced osciUationy while in its subsequent travel it is p^*etty 
nearly a free one, 

476. Co-Tidal Liuos. — These are lines drawn upon the surface 
of the ocean connecting those places wliioli have their Idgh water at 
the same moment of Greenwich time. They inarlc the crost of the 
tide wave for oaeli hour of Greenwich time; and if wo could draw 
tliem with cei’tainty upon the globe, wo sliould have all neoeasary 
information as to the motion of the wave. Unfortunately wo can 
obtain no direct knowledge as to the position of these liues in mid- 
ocean; wo only got a few points here and tliero on the coasts and 
on islands, so that a groat deal necessarily remains conjectural, Fig. 
16C is a reduced copy of anch a map, borrowed with some mod I II ca- 
tions from that given in Giiyot’s ‘‘ Pliysioal Geography.*' 

476. Course of Travel of the Tidal “Wave. — On studying tlie map 
we find that the main or ^‘parent'* wave starts hvlco a day iu the rnohlo, 
off Callao, on tho const of South Anioi'ica, This is filiown on tlio chart 
by a sort of oval ‘*oyc'’ In the co-tidal lliics, just as a moimfcala summit 1« 
shown oil a topographical oliiirb by an “eye*’ iu tlio contour linos. From 
this jioiiit tho wave travels nor tli west through tho doopest water of tho 
Pacific at tho rate of about 860 miles }xjr hour, roaohiug Kaiutohatlca in 
about ten lioiivs. To tlio west and soutinvost tho water is slmllower and 
tho travel slower, — only 400 to 000 miles jier hour, ■ — so that tlio wave arrives 
at Now Zealand iu about twelve hoiii^s. rasslng on by Au.stralia, and com- 
bining with tho small wave which the moon raises directly in tho Indian 
Ocean, tho vesriltaut tide oreab roaches the of Good Hopo in about 
tweiity-nino hours, and ontei's tho Atlantic. Hera^it oombincB witli tlio tide 
wave, twenty-four hours younger, which has ** backed*' into the Atlantio 
around Ca|}e Horn, and it is modified also by tho direct tide produced by tho 
moon’s action upon the waters of the Atlantic, The resultant tide crest 
then travels northward through the Atlantio at the rate of nearly 700 miloa 
per hour. Tt is about forty hom*s old when it first reaolioa tho coast of the 
United States in Florida, and our coast is so sitiiatod tliat it arrives at all 
the principal ports 'within two or throe hours of that time. It is forty-oiio 
or foTby-Wo hours old when it anivoB at New York and Boston. To voaoli 
London it has to travel around the northern end of Scotland and through 
the North Sea, and -is nearly sixty hours old when it avrivoa at that Y>ort and 
the ports of the Gernmn Ooean, — Hamburg, etc, 

Til the great oceans there are thus three or four tide ci-eats travollliig 



Fig. li>6. — Map of CuUdai Lines. 
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siiiiult'Aiieo'uslyi follo\ving eflcii otlior iiourly in tho fifvnin truck, bub with 
conliiuial minor oliftiigea, owing to tho vuviutioiiB in tlio vcluLivo po.HifcioiiK uf 
the 8U11 and moon and fclieii’ oliauglng disfcaiicos niul dcclimitioiiH. If W(5 t[iliu 
into account tbe tides in rivers and sounds, the lumibnr oE HiimiltaucouK 
tide croRta must be at least six or sovoii; tliat is, tlio lugh wilier at tlio 
extremity of its travel, up tlio Amazon llivor, for instanoo, inimt bo at loiiHt 
three or four days old, rockoiuMl from its birtli in ibo Pucihe.^ 

; 477. Tides in Rivers. —Tho tklo wave txBceiiils a rlvor at a mto 
which depends upon the depth of tlio wator, tlio amount of friolioii, 
and the swiftness of the aLvoaiii. It nmy» and gon orally (loos, uscgiuI 
until It comes to urapkl^ tvhere the velocihj of the water is (/reater than 
that of the wave^ In shallow stroams, liowovor, it dlos out earlier. 

Contrarj' to ^Yhat Ib usually supposed, it ofUjii aHCOiuI.s to an olovatiou far 
above that of the highest orost of tho fcido wave at tho river’s luoutli. In tho 
La Plata and Amazon it goes up to an elevation at least oiio Imndrod font 
above the sea-level, The velocity of tlio tido ^Yavo in a river Huldom oxweila 
ten or twenty miles an lionr, and is usually loss, 

478. Height of Tides, — In inld-ooean tho dliroronoo botwooii high 
and low water is usual I 3 ’ between two and thrcci foot, aw observed 
on isolated deep-water islands In tho Puolfio; bill on the oonfcinonfcal 
shores the height is usually much greater. As soon as the tido wave 



Fio, lfl 7 . — lucreaHo In Height of Tide ud nppronolilng llio Hlioro, 


touches bottom, so to speak, the velocity is dimlnlahod aiu] tho iioight 
of the wave is increased, something as in tho annexed Dguro (Fig. 
157) , Theoretically the height varies inversely cut the foxtrlh root of 
the depth. Thus, where tho water is 100 foot deop, the tide wave 
should bo twice as high as at the depth of 1000 feet. 

Where the configuration of the shore forces the wave into a corn or ^ 
it sometimes becomes very high. At tho head of tlio Hay of 
Fimdy, tides of seventy feet are not uncommon^ and an altitude of 
100 feet is said to be occasionally attalnod. 

At Bristol, England, in the mouth of the Sovorn tho tide risoH fifty foot, 
and sometimes aacendR the river (as it also does Iho Soine, in Franco, uirI 


1 We are greally indebted to Loomla'a dlBCUSBion of tho aubjeut in hia "Elo- 
mcnti of Aalronomy.” 


RKFLIUOTION AND TN'rKHFICUICNnii:, 


289 


the Amazon) as a hreaking wave, called the *^bove’^ or “eigor,'* (French, 
imf^carei), with a lumrly vortical IVout five or six feet in height, drestod with 
foam, ’and very dangerous to small vessels. On the east const of Treloaid, 
opposite to Ih’istol, the tido ranges only about two feet. 

T]i mid-ocoan tbo water has no progressiv(i motion, but near the land 
it lias, running in at tbo flood to fill up tbo bays mid cover the fiats, and 
then running out again at the ebb. The velocity of those tiilal must 

not bo confounded wdtb that of tli(3 tido wave itself. 

479. Refleotion and Interference. — Tim tido ivave when it roaches 
the shore ia nob entirely destroyed, especially if tho coast is bold and 
the water deep ; but ia partly rellectcd, and the rclicctcd wave goes 
back into the ocean to inact and modify the new tide wave ivhioli ia 
coming ill. Of course, in. such a case we get *MntcrferGnccs,** so 
tiiat on islands in tho Pacific only a few hundred miles apart we find 
groat differences in the heights of tho tides. At one place the direct 
waves and the waves rcfioctcd from tlio shores of Asia and South 
America may conspire to give a tide of three or four feet, or nearly 
double its normal value, while at another they nearly destroy oaoh other. 

There are places, also, which arc reached i)y tides coming by two dilTerent 
routes, Thus on tlio east coast of Fn gland and Scotland the tide waves 
come both around tlie uortlieru end of Scotland and through tho Straits of 
Dover. In Homo places ou this coast ivo have, thoreforc, a tido of nearly 
double height, while at otluira not very far away there wdll bo hardly any 
tido at all ; and at i n tor modi ato points there aro soniotimos /owr distinct 
high waters in twenty-four hours. As a consoquenco of this ronoclion and 
intovferencG of the tide waves it follow's tlint if tlm tide-raising power wore 
suddenly abolished, tho tides would not immediately ceaso, but would con- 
tinue to run for several days, and perhaps wrecks, boforo they gradually died 
out. 

480. Effect of the Varying Pressure of tho Barometer, and of 
the Wind. — When Urn barometer at a given port is lower than 
usual, the level of the water is generally higher than tho average, 
at tlm rate of about one foot for every iiicli of tho mercury in tho 
barometer ; and mrm when it is higher than iiHual, 

Wlicn the wind blows into the mouth of a harbor, it drives in 
tho water of tho ocean by its surface friction, and may raise the 
water several feet. In such cases the time of high water, contrary 
to what might at first be supposed, is delayed^ sometimes as much as 
fifteen or twenty minutes. 

This result depends upon tho fact that the water jams into the 
harbor for a longer time than it would do if the wind were not blow- 
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iiig. The iioriiial deiith of the water on tlio bar ia rouoluicl brfore 
the predicted time, so that at the predicted time the water la doopiir 
than it would bo If there were no wind, but the maximum doptli la 
not attained until somo time later. Of eourse, the roaiiltfl nro tiio 
opposite when the ^viud blows out of the harbor: the lime of high 
water cornea earlier, and the depth of water on the bar at the pre- 
dicted time of high water la less than it othorwiso would bo. 

481. Tides in Lakes and Inland Seas. — Those am sinall and rllfll- 
oiilt to detect. Tlieovetlcftlly, the range between high and losv water in a 
land-locked sea should boar about the same ratio to the rise and fall of tin? 
tide in inidnDceau that the length of the aea does to tlio diameter of blio earth. 
Variations in the direotioii of the wind and tho baroinotrio prossuro ouuho 
continual osoillationa in the water-lovol whicli, oven in a quint lake, am iniioli 
larger than tho true tides; so tliat it is only by taking a long Wivlos of ol>8<u’- 
vfttiona, and diBoiissing thoiji with refomiice to tho niooids ^Kisillon in tho sky, 
that it is possible to separate the real tide from the dfpects of other oaiiHtJK. 
In Lake!Miohigau, at Chicago, a tide of about ono and tliroc-qinirtorH inoluiH 
has thus been detected, the ‘'establiahiiioiib^’ of tho port l)oing about thirty 
minutes. In Lake Erie, at Buffalo and Toledo, the tide is about lliveo-qnartovH 
of an inch. On the coasts of tlio Moditevranoan tlie tldo averages iiLuJiil 
eighteen inolica, attaining a height of tlireo or four foot at tlio lumd of fioiiio 
of the bays. 

482. The Eigidity of the Earth. — Sir W. Thomson Iiuh oiulonv- 
ored to make the tides the criterion of the rigidity of the earth’u (?oriu 
Evidently if tlio solid parts of tho earth wore fluid, tlioro would )»o no 
observable tide anywhere, sines tho whole siirfaeo would rise and fall 
together. If the earth were semi-sol Id, so to speak (thab Is, vIhoouh, 
and capable of yielding more or less to tho forces tending to cbnngo 
its form), the tides would be observable, but to a less dogroo than If 
the earth's core wore rigid. And with this further peculiarity — sin cm 
a viscous body requires time to change its form, waves of short p<irfod 
wonhl he observable upon tho aoml-solld earth nearly to tholu full ox- 
tent, while those of long period would almost entirely disappear, 
owing to the alow yielding of the earth's oriist. Now tho actual tide 
wave, as observed, is really made up of a multitude of conipoiiont 
tide waves of different periods, ranging from half a day iipwmrdH, 
Aecordmg to the ‘‘principle of forced vibrations” eyorV rogiilarlv 
reciUTlng periodic change in the forces which act on tho surface of 
the ocean must produce a tide of greater or loss inagnltiulo, and of 
exactly cori-espoiuling period. 
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Wn liav(s for instance, tlio sonii-diuraal, solar, and lunar tides; then tlio 
Uvn monthly tides dna to tho change in the moon's distance and decli nation, 
and tlio two annual tides due to the changes of the sun's distance ami 
declination, not to speak of tho niuetceu-year tide due to the revolution of 
the moon's nodes* , 


A thorough analytical clisciissioii of thirty^three years’ tidal oln 
Hurvationa at difforent parts of tho world has been made under the 
direction of 8ir W. Thomson by Mr, George Darwin, witli the result 
that not only do tho short waves show tliemselves, but the mum of 
hnuj jinnod ara found to manifest ihemselves with almost their fall 
theoretical mine, Tiiomsoids conclusion is that the earth as a whole 
^Umst he more rifjid than staeU h\U 2 ^^'^'haps not cpiite so rigid as 
This roHiilt is at vaviance with the prevalent belief of geolo- 
gists tiuit the core of the earth is a molten mass, and has led to much 
cliHCUHsion which we cannot deal with here, 


483. Effect of the Tides on the Earth’s Rotation. — Tf the tidal 
inplion (^ouHlsted merely in the upward and downward motion of tlm 
particles of the ocean to tlio extent of two feet or so twice a day, it 
would involve a very trilling expenditure of energy ; and this is the 
(UiHC with the niid-o(ican tide. But near the land this almost insensi- 
j)le mei'c osoilhitory motion is transformed into the bodily travelling 
of iinnuniHC niUHHCS of water, which flow in upon the shallows and 
then out again to son Avith a groat amount of fluid friction ; and this 
involves the axpcnditiirc of a very considerable amount of energy 
which is disHipated ns heat. From Avhat sources does this energy 
come? The answer is that it must be derived mainly from the 
tmilds merny of rotation, and tho necessary effect is to diminish that 
(UKU’gv hv IcHHCMilng the spoed of the rotation. Compared 
(uirlh’H whole slock of rotational energy, however, the loss of it by 
tidal friction, <‘vcn in a century, is very small, and the eftect on the 
length of the day in oxtromdy slight. 

Tl,„ will v.,c«.ll tlui remarks upon the subject of the secular necel- 

c,f the nieou’s mom. motion a few pages back (Art. 181). 

While It IH oortaiu that tho tidal friction tencU 

it does not folhuv that the day really gtows 

. , Pr.v nvnmifle the earth’s radiation of heat 

counteracting ciuihchi — foi cxanip e, 

Into Hrmoo, mid fcim oonseqnoiit shrinkage of her vobi . 

1, do no. know ^ T1 

roidlv longhv or shorter tlmu it was a thousand )ems a„o. 
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elmiige, If any hoa really occurred, can liardly bo na grc‘at aa 
of ft Becoud. 


484. Effect of the Tide on the Moon’s Motion. — Not only docs 
the tide dlmluiah the earlli^s energy of mtatloii dii’ootly by the tidal 
friction, but, theoretically, it also coinmu ideates 
n minute portion of that energy to tho moon. It 
will be seen that a tidal wave, situated as lu h'lg. 
168, would slightly accelerate the moon’s motion, 
the attraction of tho moon by tlic tidal i)roLnl)er- 
aiice F being slightly greater than that of the 
tide wave at — a dilTcrcneo tending to draw 
it along in its orbit a little, thus Increasing the 
major axle of tho moon’s orbit. The tendency 
Is therefore to make tlie moon receiU from the 
earth, and to lengLhen the month. 


Upon this interaction between tlio ticlcB and 
the motions of the enrth and moon Professtn’ 
George Darwin has founded Ids theory of ^HUUd 
eroftd?o?i”; namely, that the Batollltcs of a planet, 
having separated from It ndlllons of years ago, 
have been made to recede to their present din- 



PlQ. 108 . 

Effect of ihe Tide on ihe 
ifoon'is iTotlon. 


tances by just such an action. 


An excellent popular statement of the theory will bo found in tho closing 
clinpter of Ball's Storj' of the Heaven a." The original papers of Mr, Darwin 
in the “Philosophical Transactions'’ are of oourao iiitonBoly nuitlicmatical. 
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CHAPTER XIIL 


'L'MK BTiANlOTS : TIIKIU MOTIONS, APPARENT AND BEAL. — 
THE 3*T()LKMAtO, TVOIIONIO, AND GOl^EUNEOAN SYSTEMS. 
— THE OlUaxS AND THlOIIi ELEMENTS. — PL^VNETARY 
PIOimTUEATIONS. 


486i For the most part, the stars keep their relative con figurations 
uiicluuiged, liowover much they alter their positions iu the sky from 
Imur to hour. The (Upper '' remains always a clipper*' in what- 
ever part of the heavens it maybe. But while this is true of the 
stars i)i gonoral, certain of the heavenly bodies, and. among them 
those tluit tiro tho moat conspicuous of all, form an exception. The 
sun and moon eonliuuiilly change their places, moving eastward 
among th(^ Htiirs ; and certain others, which to the eye appear as very 
brilliant stum, also move,' though not in quite so simple a way. 


480. Tlioso bodice were named by the Greeks the that 

iu, ^Mvuiulcrors," The ancient astronomers counted seven of them. 
Tlioy reckoned the sun and moon, and in adcUtioii Mercury, Yonns, 
Mars, Jupitiu', and Saturn. 

Venus and Jupiter arc at all tfmes more brilliant than any of the 
axod Httii-H. Mars at times, but not iisiially. ia nearly as bright as 
.funiter ; and Saturn is brighter than all but a very few of the stars. 
Mercury i« also bright, but Hcldom seen,heeause always near the siiii. 

At uresent tho sun and moon are uot reckoned as planets j but 
the roll inoliKlos, iu addition to the five other bodies known by the 
uuolonts, tho earth itself, which Copernicus showed should he eoimted 
ttiuoug them, and also two new bodies of great magnitude (though 
iueotispiouous because of their distance) which have been discoveied 
in inndoni times ; then there is in addition a host of so-called «.s 
rom" which clroulato in tho otherwise vacant space between 
phinots Mars and .Tiipitcr. ^ 

the motion U not taken into necount. We speak 

Uie $iur$i * 
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487. The list of the planets in the order of distance from tho sun 
atiuids thus nt present: Mercury, Yeniia, tho Kartli, Mars, Jupiter, 
Saturn, Uranns, and Neptnno ; and be two on Mars and Jupiter, in tho 
id ace where a planet would iialii rally bo expected tf) rovolvo, there 
are at present known nearly 800 little planets, whieii probably ropro- 
aent a single one, somehow “ spoiled In the making,** bo to speak, or 
burst into frogmeuta. 

Tho planets are all dark bodies, eliliiiiig only by roflGutod sun- 
Ught, — globes which, like the eartli, rovolvo around tho sun in 
orbits nearly circular, moving all in tho same dlrootion, and (with 
some exceptions among the asteroids) nearly in tho common piano of 
the ecliptic and sun*B equator. All of them but tho inner two and the ^ 
asteroids are also attended by “ satellites,** Of tlieso tlie oartli lias ono 
(the moon), Mars two, Jupiter four, Saturn eight, Uranns four, and 
Nephine one ; i.e. , so far as at present known ; for although it is Imrdly 
probable, it is not at all impossible that others may yot be found. 


488. Relative Distances of Planets from the Sun; Bode’s Law. 
— There la a oiirlouB approxiniate relation botwoon the distances 
of the planets from the sim, which makes it easy to roinoiubor thorn. 
It is usually known as Bodo*s Law, becauso Bode first broiiglit it 
prominently into notice in 1772, though Titi ns of Wittenberg seoniH 
to have discovered and eiiiinoiatod It some years earlier , Tho law is 
this : Write a series of Ta, To the second 4 add 8 ; to the third add 
3 X 2, or 6; to the fourth, 8 x 4, or 12; and so on, doubling tlic 
added number each time, as in the^accompanylng schojne. 


4 4 4 4 

8 _6 12 
4 7 10 16 

? ? 0 ^ 


4 4 4 

24 ' ^ JQ 

[28] 52 100 

(£) 3/ h 


4 . 4 

m 8 ^ 

100 8H8 


The resulting numbers, divided by 10, are pretty nearly tho true 
mean dlstanees of the planets from the sun, in terms of tho radiiiH 
of the earth*8 orbit. In the ease of Noptiino, however, tho law 
breaks down utterly, and is not oven approximately correct. 

For the present, at least, the law la to be rogardod as a more 
coincidence, there being so far no roasonablo oxplanatioji of any 
such numerical relation. 


The general expresBioii for the nth term of the series is 4 + 8 X ■ 
but it doM not hold good of the flrat term, whioli is simply 4, instead of 
being Bi, U, (4 + 8 x 2'i), as it should be. 
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489. Table of Names, Distances, and Periods. 


Kasjk. 

BvMnoii, 

Dirtakce, 

1301))!:. 

I) IFF, 

Bti). rRuioi), 

' Hyn. 

j rKuioi), 

Mercury, , . . 


0.387 

0.1 

^0.013 

88*‘ or 3'« 

iin*> 

Venus 

9 

0.728 

0.7 

-P 0.023 

224.7*1 nr 

684<> , 

Kfirth . , . , . 

© 

1.000 

1.0 

0.000 

3(16,1 <> or ly 

. 1 . 

Mura 

$ 

1.623 

1.0 

-0.077 

0 
1—1 

>» 

O 

1 

7ao<> 

Mean A8terj)l(l 


2.050 

2.8 

-^0.150 

Jy.l to 8y.O 

vni'ioUB 

Jupiter . . , . 

y. 

6.202 

6,2 

-h 0.002 

ily.O 

300" 

Saturn 

h 

0.630 

10.0 

-0.401 

2i)y,5 

378"' 

Uranus , , . . 

© 

10.183 

10.0 

-0.417 

84y.O 

370" 

Neptune , , . , 

1 

iP 

30.064 

88,8 

-8.740! 

I0|y.8 

3C7J" 
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400. Fig. 169 filiows the Binallor orbits of tho flystem (Inohullng Uio orlnt 
of Jupiter) drawn to scalo, the rndliiB of the oai'th'.s orbit being iitlcojj as oiio 
centimetre. On this scale tho diameter of Saturn ’« orbit would bo 19^“^ .OS, 
that of Uranus would be OS'"" .80, mid that of Neptune, 'rbii 

nearest fixed star on the Haino soalo would be about ii mile and a (pnirUu’ 
away. It will be seen that the orbits of Moi'oiiry, Mars, and Jupibu' are 
qidte diatinotly ^^out of centre with rospcot to tlio Him, 'J’lil.s Ih liiUniiloiinl 
and con’eot. Tlie dotted half of eacli orbit is that wliioh lioH below, i*./?., 
south of, the plane of the eoHptio. Tho place of peril lol Ion of eacli planoi'M 
orbit is marked with a P. Tho orbits of fiv.o of tho aster olds, Incluil- 
ing the nearest and tho most remote, as woll as tho most ecoontrlo, aro also 
g)?eu. 

Periods. — The sidereal period of a planet is the time of Its rovoln- 
tloQ around the sim from a star to the Bamo star again, aw soon from 
the 8im. The synodic period is the time betwoon two HmuamHlvo con- 
junctions of tho plnuet with tho sun, as seen from the parth. Tho 
sidereal and synodlo peidocls aro oonnocled by tho flamo relation fie 
the sidereal and synodlo months (Art* 282) ; namely, — 

P E' 

in which E^ P, and S are respectively tlm periods of tho oarth and of 
the planet, and tho planet^s synodic pedod, and the nnmorlcal dllTfor- 

ence between —and — Is to be taken without regard to sign. Tlin 

two last opliimuB of the table in Artlolo 489 give tho approxiiiiuLi^ 
periods, both sidereal and syuodlc, for tho dlffcront planets. 

491, Apparent Motions. — As viewed from a dintunt point on Clio 
line drawn through tho sun, perpomUciilar lo tho piano of’ tlio ocllp- 
tio, the planets would be seen to travel in their nearly clrcnlar orblliH 
'^ith a regular motion. As seen from tlio oartli tbo apparent niotlon 
is much more coraplioated, being mndo up of thoir real motion around 
llie sun combined with an apparent motion duo to tho oarthbi own 

. movement. 

492. Law of Relative Motion.: — The motion of a body rolatlvo 
to the earth can be very simply stated. It U cdimya the aavie as if 
Hie body hady combined with its own motion y anoth&)* motion y identical 
with that of the earthy but reversed^ 
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'I'lio poci£ o£ this is simple. Let E, Fig. 100, be the earth, luid P the 
planet, its (liveotion and distance being given by the lino U/>. Let B have 
a motion wliioh will take it to E’ in a unit of time, and P a motion wl.id. 
will lake it to 7" in the same time, Tlten at the end of a unit of time the 
dislanee and diioeliou of P from B will be given by the line E'P’, Hut if 
we suppose E to isanain at rest, and give to P a motion Pe equal to BB' but 



a]ipf)sUo in (tivnetion, and combine this motion \Yith PP* hy drawing tli^ 
luivullidogriini of motions, wo shall get P^* for the resulting place of P at 
thn 011(1 of \\w nniti of tiinoj and because the line EP'* is parallel and equal 
to E'P' (us .follows from tlio construction), the point P”t as seen from E. 
w'ould 0 <!cupy, in tlu^ calcstiiil sphere, precisely the same position as P' seen 
from E ' ; hIikso all parallel lines pierce the sphere at one and the same opti- 
cal point (Art. 7). 

If, th(!rufoi*e, tho earth moyea in 
a oircjle, every ])ody really at rest 
will appear to move in a circle of 
tho Hame pizo an the earth’s orbit, 
but keeping in such a part of its 
oirelo as always to have its motion 
prcuuKcdy opposite to tho earth’s 
own real inotion at the nionicnt» 

AVe shall liavo occasion to iiso this 
principle very froquentlyv 

493. Effect of the Combination 
of the Earth’s Motion with that of 
the Planet. — As a consequence, 

tlio apparent or ^^f/coce»/rfc’' motion 

of a pliuusL must bo made up of two motions, — tlmt of a body moving 
once IV yoar fti’ounc] the civcnmEcrcnce of a circle equal to the earths 



Fia, 161. 

GooceiUric Motion of Jupiter from 1703 to 
1720, (CaBSlni.) 
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orbit, while the centre of tills circle itself goes nroiim] tlio Him iijJoM 
the real orbit of the planet, and with a poriodlo tinui equal to that of 
the planet. Jupiter, for instance, appears to move iiH In Fig. Kil, 
making eleven loops in eacli roNmlntion, the Biiiullor olrolo having a 
diameter of about one-fifth that of the larger one, upon whl(?h Its 
centre moves, since the diameter of Jupiter’s orbit in about live liiiuiH 
tliat of the earth’s. 


494. Direct and Eatrogi’ade Motions of the Planets and Stationary 
Points. — As a consequence of this looped motion w^c have the pocn- 
llar back-and-forth movement of tlio planotB among the aUira wlilch 


fiwjjer/or Co«y«nor/fJrt 



hn8 bei-ii ilesci'ibeil. Starting from tbo time when the sun Ih Initweeii 
ns and the planet, — the tinio of snporlor conjunction,’ as it Is uulhui., 
beoanse the planet is then above the snn, t'.e., fiirthor from the ofti'lh, 


' Wc give Fig. 162 to llluotrate tlie meaning ot tliu illfrcroiit Icnns, OppofidnH, 
QuailMture, Ijifsrior and Superior Coty'iiiieifOM, and GrealeH Elomialm, li in the 
position ol the cartli, the Inner circle being the orbit of an inferior planot, while 
the outer drole is the orbit of a tnperior planot. Iii gonornl, the anglo JVi, Sf (the 
angle at the earth between lines drawn from the earth to the planot and to the 
«an) is the plane* ehngaiion at the moment. For n superior planet it can have 
any value from zero to 180 °; for an inferior it Ims a imxlmnm value that tl.o 
planet cannot oxoeed, depending upon tho diameter of Ha orbit. 
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~~ 1.lu* plunot moves enstwarrt nmono- the, atnrs fo.- a certain time, co„. 
timinlly incrcamiig its longitmio (ainl also its right ascension) until at 
last its apparent; motion slackens and it becomes stationary. Thedis- 
tancG of tins stationary point from tlie sun depends upon tlie size of 
tlio planot’H orbit compared with that of the earth, 

Tluin it rewersea its motion and moves weslwaiii, or ^^retrogradefi,^* 
lor u while, the middle of the arc of veb'ogression being jycisscd at the 
lime when the earth and planet are in line tvUh the mn, and on ike 
name Hide of ib If the planet, is one of the outer ones, it will tlien 
be opposite to the Bim in the sky like the full moon, and is said to be 
ojipoHilionf If the planet is one of the inferior planets (Venus 
or Mercury), it will then be in “ hiferior coyijunclionf as It is culled, 
botwoon the earth and sun. 

0 After the plane t has completed its arc of retrogression, it again 
becomes stationary, turns upon its course, and once more advances 
eastward among the stars, until the synodic period is completed by 
its roarrivnl at superior conjunction, 

Ilotli in the number of degrees passed over, and in the time spent 
in thU motion, tlio eastward or direct'* motion always exceeds the 
retrogrades. In tlie case of the remoter planets the excess is small — 
from ir to 10^ ; in the case of the nearest ones, Mars and Venus, it 
in from 10° to 1 

Att observod witii a sidereal cloclcy all the planets come later to the 
meridian oncii night when moving direct^ since their right ascension is 
tln?n Increasing ; l>ut -yte versa^ of course, when they {\yq retrograding, 

405, Motion of the Planets with Respect to the Sun’s Place in the 
fiky. Change of Elongation. — The visibility of n planet depends 
niaiuly upon its angular distance, or elongation f from the sun, he- 
0 nil so wlum near the sun the planet will be above the horizon only by 
day, iind cannot usually be seen. As regards their motions, consid- 
ered from tills point of view, tliere is a marked difference between 
Llui Inferior planets and the superior. ^ 

49C. Behavior of a Superior Planet, — The superior planeU tlvop 
iiUvays steadily westward with respect to the sun s place in the heavens, 
contiumilly increasing their western elongation, or decreasing their 
eastern : tlioy therefore invariably come earlier to the meridian every 
successive nighty as observed by a time- piece Iceeping solar time, 

lloginiiing at superior conjunction, the planet is then moving eastward 
among the stars with its greatest speed; but even then its eastward motion 
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IS not fto great aa the sun's, and so Lho planot relallucl^ falls wostward. 
a while ib will have fallen behind by 00°, and will thou Ui in wosLnru tpnul- 
raturo, and on the meridian at sunrise; at tlio end of^ iialf iln syiiodie pt^rind 
it will liave lost 180°, and will be Just opposite tlio sun ab suiiHob, bein^r tlioii 
at its least possible distance from tlio earth, and at its greatest brilliiuun^. 
At this time Uio difference between the Ihnos of Its daily oiilinlnatinuH is 
also the greatest possiblo, and may bo as mnoii (in tlio on ho of Mars) an hIx 
minatcfl, by which amount it arrives at tlio meridian earlier onoli 
night. After opposition the planet ia higher in tho nicy ouch niglib ub SMiiHot 
until it renohea eastern quadrature, when lb is 00° east of the Him, nntl 
therefore on the meridian at Bunsot, Tlionco it drops Imolc, falling inoi'o 
and more slowly westwards towards tho sun, until tlio synodlo period is 
completed by a new oonjiniotion. 

407. Motion of an Inferior Planet. — Tlio inrorlor^plaiiotfl appear, 
on the other hand, to vibrate acroaa tho sun, moving out, oqmil dlrfa 
tancea on gucIi sido of It, but making tho woHbwuvd swing uiiiuh 
quicker than the eastern. 

The reason of this diffcrenco is obvious from Fig. 1(12. MuIUu'h 
take place with rospeot to tho eartii, sun, and planot as If tho mirth 
were at rcst, and the planet revolving around iho sun onoo In n 
odic (not sidereal) period. Now, since tho dintanco Imtwmm tho 
points of greatest elongation, V and F', is lo^s llirough inferior uon- 
junetion 7, tlmu from V* around to V througli 0^ tho tlnio ought to 
bo oorrespondliigly shorter, na It Is. 


A b superior conjunction the planet is moving eastward than llin 
anil* Accordingly, it creeps out to the ouHt from tlio sim^H rays, liecmoiiig 
visible in the twilight as an evening star. As long na lis dlrcob 'inoUoti Ih 
greater than the suii^s ifc keeps receding from It until it rouehoH iis 
eastern elongationt* as it is oallod, whioli could in no oaso lui groainr than 1)0°, 
even if the planet's distance from tho sim were almost equal bo tliiib of tlm 
earth. (In the cose of Yenus it is actually about 47°, while for ]\Ioroury it 
ranges from 18o to 28°. ) Then as its eastern motion alaokoiiH lho mm hJhin 
to overtake it, and when the planot boooinos really Btatloimry i\h regiinln ils 
motion among the stars, it appears to bo Blipping westward towardH Llm ../n 
at the rate of about a degree a day . At the Btationavy point it Imgiiis rnidly 
to letrograde, and adds its motion to tho siiirs advance, so tluib from limb 
point It rushes a^^^ftly towards the inferior conjunobioii, Tb passes this nml 
nine out quickly on the western side, becoming a morning star, and nmtili- 
ng its western elonption. in juat tho same number of days that it took to 

^ flonjunotion. Whmr llie elongation 

has been gained the planet turns around to puvsuo the snn, gnuluallv gains 
upon it, and a ost overtakes ib again at the next superior co^ncllonf l uv 
iiig oompleted Ita synodio jjeriod. ^ 
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490. Motions in Latitude. — If the planets' orbits lay precisely in 
tlic same plane with each other and with the earth’s orbit, they would 
idways keep in the ecliptic. But in fact, while they never go far 



^roin that, circle, tliey do deviate north or south to the extent of 
5® or 0°, and Mercury sometimes as much as 8® ; their paths among 
the stars are consequently loops and kinks like those of Fig. 163, 
which represent forms actually observed. 


600. The Ptolemaic System. — The ancient astronomers, for the 
most part, never doubted tlie ilxity of the earth, and its poBition in 
the centre of the celestial universe, though there arc some reasons to 
think that Py til agoras may have done so. Assuming ' this and the 
actual diurnal rovolutioji of the heavens, Ptolemy, who llourishcd at 
Alexandria about 140 a.d., worked out the system whicli hoars his 
name. Ilis Swru^ts (or Ahmrj(iBt iu Arabic) was for fourteen 

centuries the authoritative Scripture of Astronomy.*' He sliowcd 
that all the apparent motions of the planets could bo accounted for IRy 
supposing each planet to move around tlio circumference of a circle 
called tiie ‘*C 2 )/c?yo?e," while the centre of this circle, sometimes 
oallod the ^\lkiUiom itself moved on the circumference of 

another and larger circle called tlie dcfaYGnt.*' It was as if the 
real planet was carried on the end of a crank-arm which turned 
around the fictitious planet as a centre, In such a way as to point 
towards or from the earth at times when the planet is iu line with the 
sun. 


In the case of tlio superior planets tiio revolution in the opicyolo was 
nmfle once a year, so that the << crank-arm” was always parallel to the lino 
joining earth and aim, while the motion around the deferent occupied what 
we now call tlio planet’s period. Fig. 104 represents the Ptolemaic System, 
except tliat no attention is paid to dimensions, the « deferents ’’being spaced 
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at equal diataiioes. It will be uoticod that' the epioyolo-radil wliinh carry at 
their estreinitiofl the planets Mars, Jupiter, and Saturn nre all always pariillol 
to the lino that joins the enrtli and sun. In tlio case o£ Venus and Morutify 
this was not so. Ptolemy supposed that the deferent oirolos for theso planets 
lay ftenseen the earth and the sun, and that the '* llotitioiis planet" in botli 



casefl revolved in tlio deferent oiioo a year, alwayrt knopliig oxnoLly Imbwooii 
the earth and the sun : the motion in tlio epicycle In this oaso waH coinph^tctl 
in the lime of the plauot^s iieriod, ns avg now Icnow it. JIo onglifc to Jmvu 
seen that, for these two planets, the deferent won really tho orbit of tlm 
^n itself, as the ancient Egyptians ai'e said to havo nuclei's tooth 

501. To account for some of tlie irrogularitica of the plaiiGts* inotioiin 
it wag necessary to supposo that both the defovont and epicyolo, tbouf^U 
oirculnr, are eccentric ^ the earth not being exactly in tho contro of tho 
deferent, nor the “flotiblous planet** in tho exact contro of tho epicyolo. 
In after times, when tlie knowledge of the planetary motloUH bad boooiiio 
inoi'o accurate, the Arabian astronomers added opioyolo upon epioyolo imiU 
the system became very complicated. King Alphonso of Spain hi said tcj 
have remarked to the ostronoinors wlio prcaonted to him tho AlphoiiHluo 
tables of the planetary motions, which had hoon compiitod uiidor Ilia ordoi’Rj 
that “if he had been present at the creation ho would liavo givoii somo good 
advice.” 

6oa. Some of the ancient astronomers attompUxl to account for tho plaii- 
etaiy and stellar motions in a mechanical way by inoaiiii of wlmt worn onllod 
the ^^cnj&lalline spheres” The planet Jupitor, for inatancG, wag siipposocl to 
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bo sot like ti j(»wg 1 on the siuftioe of a snitill globe ol some thing like glass, and 
tins itsell was set ui a hollow niiulo to hi it m iho thick shell o£ a still laigci 
splnno which sunouiulod tho o.uLh Thus the planets woio suppoi ted aiul 
rained by the motions of theso invisildo civstalliiio sphoics, but this idea, 
though pie valent, Wiis by no mOiiiiH in iivei sally accepted 

503 Oopenuoan System. ^ — Oopcmicus (1473-1543) asseited the 
duuiial lotiition ot the ciuth on its axis, and showed that it would 
full} account foi the uppaient duinial levohilion of the stais, He 
also showed that nearly all tho known motions of the planets could 
be accounted foi by supposing tliem to i evolve aioiind tho sun, with 
the eaitii as one of them, m oibiis cuculai, but slightly out of ceiitie 
Ills system, as he left it, was neaily that which la accepted to-day, 
and Fig 161) nmy be taken as rep/osonting it Ho was, howevei, 
ol)hgocl to lotaiii a few small epicycles to account foi certain of tho 
iiieguhuities, 

So fai, no one daied to doubt tho exact cueiihuity of celestial 
01 bits Tt was inetaphysieally impioper that liGamnly bodies should 
move in any but iwYfGU cuivcs, and tho ciiclc was legaidcd as tho 
only peifoct one It was left foi Keplei, some Bixty-fivo voais later 
than CopeinicuH, to show that the planotaiy oibils aic cllipticaU and to 
bung iho system substantially into the fonu in ivluch wo know it now 

604 Tyohonio System* — Tycho lhaho, who oamo hotweon Copoi incus 
and Kcplei, found himself unable to accept the ('opfunicmi sysLoiu foi two 
leasons One leason was that it was uiifavoi ably lo guided by the cleigy, 
iiud he was a good cluueliman 'I’lio othei was the seientilie objeotion that 
if the oailh moved aiound tlio snn, iho /nml ^(a)s all ouyht (o uppm) lo moir 
m a ( oi } e^pomliuy mannf) (Ait, 102), each stai desoiihiug aniuuilly an oval 
m tho heavens oj iho same appaioni dimensions as ilio caiih^s mbit itself, 
seen fiom tiio stai Tech meal ly speaking, they ought to have an ^^annuiiJ 
pa) alia t ** llis lUHtuimenls woie by iai tho most accuiato that had ho fai 
boon made, and lie could deteel no Biidi piuallax, hence ho conoludod, not 
illogically, but ineoiiectlv, tliat the caith must bo at lest lie lojccled tlio 
Copen mean Kystoni, iiluced tho eaitli at the cciiUo of the umveiHc, accoiding 
to tho then leeoived luteipiotatioii of Scuptuie, inudo the sim i evolve aiound 
the eaith once a yoai, and then (tins was the peouliaiity of Ins aybtom) iiiado 
dll tho planets except the eaith i evolve aiound tho snn 

Tins theoiy just as fully accounts for all the inotions of the planota as 
tho Copeuucan, Imt bioaks dowsi abHolntely when it oncoiiutcis tho abeiia 
lion of light, and the annual paialhix of the sUiis, which we can now detect 
with onr modoui insti nine ids, although Tjcho could not with Ins The 
Tyclionic system nevoi was goneially accciited, tlio (Jopcinican was veiy 
800U fnmly establiahod by Keploi and Newdoii 
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606, Elements of a Planet’s Orbit. — Thoso elonionffl art) Uir 
numerical qiiautiticB wliioh in list bo givon in orilcr to cloHorIl>o LIui 
orbit with preciBlon, and to fiinilsli tbo iiicans of llnding tlin pliuuH/t* 
place In the orbit at nny givon time, whether pnat or future* 'riiev 
are seven In u umber, as follows : — 

1. The aeini-major axis, a. 

2. The eccentrieifey, e. 

3. The inollnatiou to the ooliptic, i. 

4. The lougitude of the ascending node, SJ. 

6. The longitndo of perihelion, tt. 

6. Tlie epoch, JE, 

7. The period P, or dally motion /a, 

606. Of these, the first five portain to the orbit itself, rcgarderl nn 
an ellipse lying in space with ono fooiis at tlio sun, wlillo two ui<» 
necessary to determine the planet’s place in the orbit. 

The semi-major a^is, a (OA in Fig, 106), dollncH the of the 


/i 



orbit, and may be cxprosaccl either in “ iiatronomidnl miitii'’ ((,ln> 

earth's mean tlistanec from tlic sun isHbe astronoinlufil unit) or In 
miles. 

The Ecemtrieity clehiios tlio orbit's Form. It is a mere luijiiurlrnl 
quantity, being the frnotion t (uBimlly exprossod rlooimnlly), olitaiiiiul 

by dividing tbe distance between the sim and tlio centre of tlio orbit 
by the aoim-major axis. In some computations It is convoiiEoiit (o 
use, instead of the decimal fraction Itself, the angle ^ wlilch Iulh e for 
Its Sine; t.e. , </> 
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Tho tliivd elciucnt, i, ia the ludinalion between tlie plane of the 
plfinot’H orbit and that of the earth. In the figure it is the angle 
KNO, the plane of the ecliptic being lettered EICLM. 

Lho fourtii clement) ({Ae Jjongituds of the ciscenditiff Mode), 
(leilima what has boon called the “fMpect” of the orbit-plane ; f.e.' 
llic dircotion in which it faces. The lino of nodes is the line NN' in 
llie llgiu’c, tlio intersection of tlie two planes of the orbit and cciiptic; 
and ti>c angle tSE is tlie longitude of the aseeiuliiig node, the 
lino (S’V being tlie line drawn from the sun to the first of Aries. The 
phinot.) moving around its orbit in the plane OJtBT, and in tlie direc- 
tion of the arrow, passes from tlie lower or soutliern side of the plane 
of tho ecliptic to tlie northern at the point n, whicli, ns seen from S, 
is in till! same direction as IT. 

Tlio llftli, and last, of tlio elements whieh belong strictly to the 
orbit Itself is ir, the so-called Longitude of the perihelion^ whicli de- 
ll lies tho direction in which the major axis of the ellipse (the line PA) 
lien on the plane OEBT. It is not strictly a longitude, but equals 
the sum of the two angles and w; i.c., ’PSN (in the plane of the 
ecliptic) (ill Wie pliuic of tho orbit). It is quite sufficient 
to give (D alone, and in the case of couietary orbits this is usually 
done. 


007. If wo regard tho orbit ns an oval wire hoop snspended in 
spaco, tlicHo live elements completely define its position, form, and 
sl/.i). The phoiG of the orbit is fixed by the elements mimberecl three 
and four, tlio position of the orbit in this plane by number five, tlie 
(hrni of it by number two, and finally its magnitude by number one. 

Tiio studeiit will recollect that the general equation of curves 
of the H 0 (!ond degree (tho conies) in analytical geometry contains five 
constants, and therefore that luimbor of data is enough to define such 
a curve completely. 


608. To dotormiiio wlicro the planet will be at any subsequent date 

ivti need two more olcmonts. . j r, 

Klxlli. 'I'he Pmodio Time, — we must have the sidereal jierioa, r, 

or olHO the mean daily motion, 

tho iiuinhor of days in P. u >• 

Kevonth. And finally ; we must have a starting-point, the Ejwft, 
ao-callodi i.c., tho longitude of tho planet as seen from the sun, at 
some ghmn date, usually Jan. 1st, 1850 or 1900, or else some precise 
date at which the planet passed tho perihelion or node. 
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609. ]f it were not for perturbations caused by tl.o nmktul intoraotioii 
between tlie planets, those elomouts would novor olinngo, and could bo UHod 
directly for computing- the planet’s place nt ony dnto In fclio past or in > lO 
future; but, excepting « and P, they do change on account of suoh intoino 
Hon. and accordingly it is usual to ndd in tables of the planetary (sloinonK 
columns headed AJJ, Air, Ai, and Ae, giving the ninouut by wbioli the 
quantities ir, i, and e respectively change in a ooiitury. 

610. If Kepler’s liarinonio law wore strictly triio, wo sliould not iminl 
both a aiid P, beoftutto wo should have 

(Earth’s Period)® oi- P = a^, 

P being expressed hi yeara and a in astrononiioal iiuitH. Hut sliicu llio exact 
I'oiTii of the eqimtioii is 

it is iieoesaafy, iu cases whei'o the higlioBt fttt-alnfiblo uccuraoy in roquirad) t(i 
regard P aud a as in dependent, and give tlioni botli In tho tabloa, 

611. Geocentric Place. — Om ohHervaliojiH ol a [)lnnub*8 placo uro 
necessarily geocentric or oarth-centrocl ; fclicy give uh, when proi)- 
erly corrected for refraction and parallax, the planet's right ctsemmon 
and declination as seen from tlic centre of tho earth, and from tlimn, 
if desired, the correspond iug geoocntrlo long Undo and hUitudo (irn 
easily obtained by tho method explained in Article 180. 

It often happens thatwe^yant tho place nt some inoiiiont of time wlien tin* 
planet could not be directly observed, ns, for instnflccj, in tlio day time. If wo 
have a genes of observations of the planet made about that tliiio, tlKiplnco fnr 
the exact moment is readily deduced by a process of iulorpolationy and with 
an accuracy actually exceeding that of any single observation oC Llio sorlOH. 

Graphically it is done by simply plotting tlio obsei’Yatioiis aotitally iiiadu. 
Suppose, for instance, we want the right aaoeuaioii of ^tars for 8 x.m, on 
June 8, and have merldian-civole observations made at 10 o'oloolc p.nf. on 
June 1, at 0^ 55“ on June 2, at 8^ 60“ on Juno 3, and so on. 'Wo /Irst lay off 
the times of observation as abscissas along a horizontal lino taken aa tlin 
time-scale, and then lay off the obaorvod right nacenaions as ordinaUm at 
points corresponding to the times. Then wo draw a smooth curve tli rough 
the points so determined, and fi-oin this ourvo wo can road off diruotlj^, tlio 
right asoension corresponding to any dosirod moinontr similarly for tho 
declination. Of course, what can be done graph! oally oaii bo done etlll 
more accurately by computation. 

812. Heliocentrio Place. — Tlie heliocentric place of a plauot 1b tlic 
place as seen from the sun ; nud wboii wo knoAV the longitude of the 
nude of a planet's orbit and its incliDatiou, as well as the planet's dLa- 
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tainj« fr«)m tlui suti, Ihis hoHoceiitric plaoe oiui at ouee bo cleibiccd 
from Llio gcocoulii'ic by a tvigonoinetrioal calculation. Tlie process is 
nil, her tisdioiis, however, and its discussion lies outside the scope of 
this work. 


('I'lie roador is referred to Watson’s “ Theoretical Astronomy,” p. 86, .\n 
edeinnntary geomolrioal Iroatmont of tlio reduction is also given in Loomis’s 
"Trontiao on Astronomy,*’ pi. 211.) 


613. Botermination of the Period of a Planet. — This can be done 


in two iviiys : 

First. Jiy olmrvctUo'ti of iln not}e-2Kissa(je. When the piiauet is 
pmsHiug Us node, it is in the pilano of the ecliptic, and the earth being 
also always in timt plane, the planet’s latitude, hath (jeocentric mid 
hdioamlric, will bo Kcro, no matter what may be the place of the uanh 
ill its orbit. (At any other point of the planet’s orbit except tlie node 
its apinu'oiik latitude would not bo thus inclopendent of the earth’s 
place, but would vary according to its distance from the earth.) , If, 
then, wo ohsorvo the planet at two successive passages of the same 
node, the interval between the moments when the latitude becomes 
«cco will he the pdanet’s pioriod, — exactly ^ if the node is statiouary | 
very upprox'mately, even if the node is not absolutely stationary, as 
nnno of the nodos actually arc. 


'I'horo are two dilHcuUios with tlii-s method. , . ^ 

(«) Til the ease of Uranus tlie period is oiglity-foiir years, and ui that ot 

NoiitunoKM yeivvH— too dong to wait. .wiv,.. 

fV) .Siiioo the orbits all emss the eoiiptio at a very small angle, so “ 
latltide roniaius near noro for a number of 

dotermine the precise minuto and second when it is exactly /eio, a fi . 
omu l in the diltinatio.iB observed will produce great errors m the result. 


614 Second, liy the mean aynoato period of the planet. The 
Bynodiu period is Urn interval between two successive <^PPOBit.o.^ or 
conjunctions of the planet, the opposition being the moment 

tiio planet’s longitude differs from that of the snii by • 

Ti.i. -Hi. u;« f'»“f 

hut wo ean mivlce Witli the meridwiv ^ f^.^everal days before and after 
tlui plaiiot’s right ascension am ' and longitude, 

llio data of opposition, and mdu planet near midnight ; 

The Him will ho observed, of course, at ^ 

but from the solar observations wo ^ t served. From 

eorrnspoiiding to tl.o_ exact f .,i,rpet and H.o siin at 

lluiso Ave find llio diiloroiico ot ougi n ftpalK- from these diffievences 

11, „ time of ouch planetary obsorvution ) and finally 
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of longitude, we ftiid the prcoiso iiionioiit when tlmt dilToronco ^vaH exactly 
180'=^, or the moment of opposition. Tliis can bo ascertained AvUliln a very 
few seconds of time if tlio obsorvatioiiH are goml. 

Since the orbits arc not strictly circular, the int<u*vjil between two 
BucceBsive observations will not be the mean synodic period, but only 
an approximation to it; but when wo know itnearli/y we cun conipuro 
oppositions many years apart, and by dividing the Inlorval by tlu^ 
known mimber of entire synodic periods (wbloh is oiisily detenniiUMl 
when wo know the approximate length of a single period) we get tlio 
mean synodic period very oloaely, — ospoclally If tlie two oi)positI<)nK 
occur at about the same time of the year. IliivlJig tlio synodic 
period, the true sidereal period at onoo follows from the equiitlou 

l = i-i 

P -E S 

516. To find the Distanoe of a Planet in Terms of the Earth^B 
Distance. — 'Wlieii we know the planet's slcloroal period, thin is uuHlly 
clone by means of two observations of the planet's (ilongaiion^^ 

^ 



Pio. IM, ^.DetomlniUon of iho Dlslanrjo of a PiBnot from Iho Sun, 


taken at an interval equal to its poriodio tlmo. Tho “ olongatlon’' 
of a planet is the differanco between Its longitude and that of tho 
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aim, and a seiioa of mciidian-cucle obsorvations of aiui and planot 
will fiuiiiah thesG ddloiences of longitude for any selected moment 
incUidod within the teim ot obsoivalion 

To llnd the distance of the planet Mais, foi instance, we must 
theiofoie luuc two obsoivations scpainted by an inteival of 087 days. 
Suppose the oaith to have been at -^1 (Fig 100) at the moment ot tlie 
(list obseivation. Then at the time of the second obseivatioii she 
will lie at the point (7, the angle ASO being that which the eaith 
will doseube in the nexl^iOJ days, wdiicli is the dilteicnce between 
two complete yeais (oi 730 \ days) and the G87-diiy interval between 
the two obsen aliens 

The angles SGM and /SyLl/ aie the ** elongatioiiB ** of the planet 
fiom the Bun, and aio given duectly by tlio obsoivations. The two 
sides SA and are also given, being the caith's ch&tnnoo fiom 
the sun at the dates of observation Ilcnoo wo can easily solve 
the qnadnlatcial, and llnd the length of SMy as well as the angle 


This angle dotenninos the planet’s helwcenhic longitude at My since 
wo lvno^Y the dnection of SA, tlie longitude of the oiuth at the time of 
obsGivahon 

Tlie student can follow out foi InniselC the pi ocess by which, fiom two 
elongations ol Vinius, ♦S^IF and jSiiF, obseived at an mtoival of days, 
the distance ot Venus hoin blio sun (oi iSF) <an be obtained 


616 In oidei that this method may apply with stunt accuiacy it is 
nceossaiy that at the moment of ohsoivation il/* should ho In the same 
plane as A, and U , that is, at Iho node If it 18 nob so, tho pioecss w’ill 
give ns, not the li no distance of tho planet 
itself fiom the ftun, but that of thc‘*pio 
jeetion”o£ fins disfauco on the plane ot 
the eohpfu , le , the distance bom the sun 
to the point m (Fig 107), wheio the pin 
peiuhcular horn th(‘ planet would slnho ^ 

that piano Bui when we have dolei mined 

i/a and tho angle mAMy the xilanoFs geo- 

centne latitude, we easily compute Mniy and bom and ^fm we get the 
tiue distance Si\f and Uie hohocontiK latitude of tho planet ii/*Sw 



617. From a scilos of pairs of observations chstrlbutcd around 
the planet’s orbit it would evidontb bo possible to woik out the 
oibit completclv. •It was In this way tliat Kopler showed that the 
oibits of the planets are ellipses, and deduced their diatanccs from 
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tbe Buu i imd his third, or Imnnonlo linv, Wftfl ilion dlHcovonMl Hliiiply 
by inaking ft comparison bot\yGoii the dlstunccs tlum CiHuid nml llui 
correapondiug periods. 

618. Mean Distanoe of tui Inferior Planet by Moans of Observa- 
tions of its Greatest Elongation. — Hy olmorving iVoin tlin oiirtii tliu 

greatest elongation (b'lg^ 

108) of one of the inferior ))liinolH, 
Its dlstimen fr<jin the sun nin vin-y 
oa^il}' be deduced If wn regard llie 
orbit as a circle ; for the Irliuiglo 
/S'K/i/wlU l)e rlglit-anglnil at V) and 
SV=^SJ!!XBU\mCV. 

In tlm ease of Venns tlm orbit Jh 
K o nearly eireuliir Unit lli(> iiicIIhmI 
aimworsYory well, the gri'alcst lOcnign- 
Lion never dilTering imieli from 
Moreiiry’s orbit is so ceeentrle Unit I bo 
disLanne Hum oblainnd frinii fi slnglr 
elongation might bo very wide oC ilio true mean {llstanei*. Sinco tbe grimi- 
est elongation, SISMi varioH all the way from 18® (o LW, It would bii nin-en- 
flftry to observe a great many olongaLloim, and take Mm avenige I'csnll . 

610. Pednotion of the Orbit of a Planet from Throe Obaorvatloiis. 
— When one has command of a great number of observiilionH <*f w 
planet riuining back many years, and can select sinili as iin^ I'oiivi'ii* 
lent for hla purpose, as Ko[>lor could from 'J\vcho’s rmuM'dH, IL In 
comparatively easy to Hnd tlio elements of a planet's orbit \ Init wlioii 
ft new planet is discovered, tlie oaso is dllTcreul. The prnhlmn llrni 
arose praclicftll3Mn 1801, when Ceros, the first of llm asUu'oids, wau 

cllscovorod by Pla/./u in .Sicily, observed for a few weekH I Ihcu 

lost ill the flinVs ra^^a ftt conjunction, before other astronoiners ootihl 
be notlHod of the discovery, in those days of slow coiiiuiiiiih-allun, 
made slower and more nneortftln by war. 

Gauss, then a young man at GOttlngcn, attiioked the proldem, mid 
invented tho method which, with slight modi (IcallonH, Is now unlviu - 
sally used In such oasoB. 

We do not propose to on tor Into details, Imt simply say Uinl 
three cihaolutely acoimito ohsey-Dolions of a right aHfmmion uvU 

declinalion are suffleient to detey^ihie its orbit. Three obHcrvatloim, 
made only as accurately as is now poaaiblo, with' intervals uf two nr 
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tlivec? weclca botwoon tbom, will give a vei'j’ good approximation lo 
tlio oi'biti and it oiin then bo covroctod by furthev observations. 


620. “ Since there are five independent variables in the general equation 

(in H]iucc) ot a conic haviiig a given focus — the sun — it is necessary to 
have llvfl conditions in order to determine them. Three are given hy the 
(ibHcr\'ii.Lions thoinaolvo.s ; viz., tlie iiirectioiis of tlie body as seen from the 
(jarth at tliroo given instants; a fourth is supplied by the ‘law of equal 
iiroiis,' since tho sectors included between the three radii veetoi*es must lie 
proportional to tho elapsed times ; finally, the fifth is imposed by the require- 
ment tliat tho changes in the .speed of the body must correspond to tlie vari- 
ations in tho length of the radius vector’, in accordance with tho known 
in tensity of tho sun’s attraction.” 

('I'lin student is referred to tinnss’s “Theoria Motiis," or to Watson’s 
“ 't'lumrotical Astromnny,” or to Oppolzer’s great work on “The Detcrmina- 
tiun of Oibits,” for the fall development of tlie stibject.) 


621. Planetary Perturbations. — The attraction of the planets for 
eueli other diatnrlia tlieir otlicrwiso elliptical motion around tlie siin. 
Ah bi the ciiw! of the binar thoory the disturbing forces are, however, 
idwnyrt relatively small, but not for tbe same reason. Tho sun’s 
disturbing foreo'is sin nil because its diatance from the moon is nearlif 
four himh-ml limim that of the earth. In the plnnctary theory the 
diHlnrbing bodios are often nearer to tlio disturbed than is the sun 
Itaelf, ns? for instunec, in the disturbance of Saturn hy Jupiter at 
obtain points of their orbibt i but the mttssofthe disturhimj both/ in 
no rme is a.s grml as -„W of the sun's mass, and for tins reason 
tin) dlHturiiing mree iiri-sing from planetary attraction is never more 
Limn a small fraction of the sun’s attraction. 

Tim Loentest disturhing force which occurs in the planetary system 

; iiUKiimtH 1.0 air* wnooLimio Mi p fist emids disturbed 

mnei. as of Uie a««ts attraction (again excepting the asteioias 

by Jnpiior)s 

aii*. m 

., 1 . iiTOilmil.v lli« ««|«.. L „i,oii Ills moon mw 

'r;: .i,!;';;.;,,; ii^mo o,.. d.,u„b...g uo.,, >. .■o,..i,o., v,,., „.o. 

till* iliHtiirlind orbit, 
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Tlio plfinetary perLnrliritions wliicli rosulb from Lho “ 
of effects of the distiirbiug forces, from tlieir eoiitiiiiiul atjtk3ii 
through loug intervals of time, divUlo thomselveH lijto two 
clnasea, — the Periodic md the Secular. 

623 , Periodic Perturbations. ^Tlieao aro Biich ns tlopcnd on tliu 
positloua of the planets In their orhifcg, and nsually nni throiigli tlu'Ir 
course in a few revolutions of tlio planets concornod. For tliO iiKrnt 
part they ai‘e very ein all. Tliose of Moron ry never ainoiiub to morn 
than liV^, as seen from the son. Those of Venus may roach ulMiiil 
30^', those of the earth about and those of Maivs about 2', 'Flui 
mutual clisturbaiices between JiipUor and 8aturii aro nnioli lur^nv, 
amounting respectively to 28^ and 48^; whllfi those of TlrinniH ui'o 
again small, never exceeding 3^, and tiioao of Noptiinc arc not iiH>rn 
than lialf ns groat as that. In the easo of the astoi’otdH, wlilidi Jiro 
powerfully disturbed by Jupiter, the periodical porturhutloiiH 4 irii 
enornioiiR, somotimes as much as 6® or G°. 

624. long Inequalities, — TIiq porimlio inequalilias of tlm planolH <ivo 
30 aniall, bocauae, na a rule, there Jh a nearly complGio oompoiiHatioii nnncir»d 
at every few revolutions, so that the aocolomtions ))alanco the retardJii hiiiH. 
The lino of oonjunotion falls at random iji dlfforont of the orldlH, nud 
when thia la the oa^e, no ooiifli<lorablo illHplaconioiit oC oither ]ilan 4 !L ium 
take place. But when tho periodic times oC two plaiiotH aro UffmV// r^nit* 
Mienjj/rnWe, tlieiv line of co|ijiinction will fall vory near the nmnn pluoo in 
the two orbits for a oonsiilerablo number of yoars, and the small tinbiiluiirccl 
disturbance left over at each oonjunotion will thou acoinnulatn in Hut huimo 
direction for a long time. Tima, Avo revohitioiis ot Jiipit 43 v roughly 

two of Saturn; and Btill more nearly, acvouty-flovou of Jupiter otpml tlilriy- 
0116 of Saturn, in a period of 013 years, Ib’om this oomcH tho Ho-iNilh'd 
*^loi}ginGqualitj/*^ot Jupiter and Saturn, amounting to 28' in tho phuni of 
Jupiter and 48^ in that of Saturn, and i*oqiuriiig more than 000 yearn l^i 
complete its cycle, 

Tn the oaao of tlie earth and Yeinifl tliQi-o la a Hlmilar “long in(*qniil1ty '* 
with a period of 235 yoai^fl, amounting, however, to Iohh than in tlifi jiniil- 
tions of eithoi of tho planets; between UraniiH and Ne]itune tlioiti is a Hinilljir 
inequality with a ^lerlod oE over 4000 years, Imt HiIh also is vory winalh 

626. Secular luequalitleH. —These ai'Q inofinalltioB which 

not on the position of tho planets in their orbits, but on Iho rf^ltUire 
position of the orhila tliomsclves, with rofcronco to each other, — iiu\ 
way, for Instance, in which the Hnes of nodca and apsidefi of lwi» 
neighboring orbits lio with rofcronco. to oaoh other. Since iho plum*^ 
tary Dibits chango thoir poalUons very slowly, Ihcao pm'Uirbtitloim, 
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altlKHigli in tlio stvict ticnsc of the ^vorcl periodic also, are very slow 
aiul inajosUc ia tlicir march, and the periods involved are siieii as 
slugger the iinagiuntion. They are reckoned in invriads and Inm- 
(Ircds of tholmandB of years. From year to year they are inaigniii- 
ciiut, Imt witli the lapse of time become imporlant. 


fi26. SooiUar Constanoy of the Periods and Mean Bistances,-— 
it in a rcmarkahlo fact, demonstrated by Lagrange and La Place 
about 100 yeiirs ngo, that t7ie mean dis^awce.9 and 'periods are e»- 
ii'rnhj free J)vm aU suelt sextilar disturbance. They are subject to 
aUglil; ]ieriodk ineciuaUtios having periods of a few years, or even 
u few Inindrial yours; but in the long run the two elements never 
(dninge, 'i'lmy HUtfcM’^ho x^crturbatioiis which depend on tlie position 
of tiu5 orbits thoniBolves, bub only such as depend on the positions 
of the plaueiH in thoir orbits. 


627* Revolution of the Nodes and Apsides. — I'lic nodes and ijero 
ftrlla^ on the {)ilun' liand, move on continuously. The lines of apsides 
of all the planets (Venus alone excepted) advance, and the node.s of 
all without exception (except possibly some of the asteroids) , m/resi? 
on tlu» ecliptic. 


Tim .nuc.k«Ht moving lino oE apsides -that of Saturn’s ovbit - completes 
ilM viivolution in (17,000 years, while that of Neptune requires 540,000.^ The 
Hvviftest linn of nodns is that o£ Uranns, which completes its 
than !ir,(l<»l> ynnvs, wliilo the slowest — that of Jlereiivy — vequires 100,000 


ynnrs, 

628 . Tlio Inolinationa of the Orbits. - These ai-e all slowly clmug- 
iv,cr.-ttoun-. iiuuvasing, and othera clecrenslng ; hut as La ^ace and 
lAwevtlev luivo shown, all the changes are confined wit nn uairo 
Uarfor all the larger planets i they oscillate, hat the osc.llahons me 

luivor n-Kteimive. 

».«y y- >“ 

‘ f fiveented • the eccentricities of their mbits 
'Phe imUn’oids uro again to be oxc j. , 

may cliangc conHidorahly. 



314 


THM 


630. Stability of the' plajietary System, — About tho ond of llto 
eightecmtb ceutiiiy La Place aud Lagmiigc sucoocdod In pvoviijg Unit 
ihe muimi aUntction of the plauota could never doatroy tho ayatoiii, 

nor even change the clemonta of the orbit of any onoicf tlio hivgor 

planets to nii o.'cteiit which would greatly alter its phyaicul condUlon. 

Tho nodes and apsides revolve contiunoiisly, it la true, but tliibt 
change is of iio. iinportanoe. The distances from tho sun and Ibo 
period.s do not change at all in tho long run; while tho InolliialUnin 
and eocontrloitloa, as lias Just boon said, ctnilino tliolr vuviatloim 
within tinrrow limits. 

531. The <<Invai‘iabl0 Pla.ua” of the Solar System, — Thmo \% 
no veaaon, exce^it tho fact that we live on tho oai'ilit for taking tlio piano of 
tlie eai'fk’s orbit (the piano of the oollptio) as tho fundanioiital piano ol tim 
’solar flystoin. There is^ however, in tho aystoin an planet* 

positioii of which remains forever nii changed by any mutual action auioiig 
the planot- 3 , ns was discovered hy La Place in 1784, Tim j>)ano in clellinnl 
by the following conditions,' — that if from all the planets porpandiculave ho 
drawn to U (/.e., to speak technically, if tho planets bo projoctful ” upon H), 
and then If we mnltipiu each planeCe mass hy the area which the planv.Ce pva- 
j j acted mlim vector demdbes upon Ihh plam in a mil of thnct the sum of these 
products will he a maximunu TJio ocllptio is inoliued about to tldn 
invariable plane, and has its nsconding node nearly in longitiidn 2H0^. 

632, La Place's Equations for the Inclinations and Eooontrlol- 

tie*. — Tva Place demonstrated the two following cquatlniiH, vijt, : 

(1) 5 (m Vrf X e^) = C\ (2) S {uWa X tan’-^ /) - ' 6*', 

Equation (1) may be thus tranalated: Multiply the mass of each plmei hy the. 
square root of the tmimiajor am of Us orhiiy and hy the square of Us occeo- 
(ricUy; add these products for all the planets^ and the sum wilt. ho a constimt 
quantity which is very small. It follows that uo oocentrlolty can beuenno 
very large, since e^ m the equation is essentially ^mskive i thoro can tlun'c^foi-n 
be no counterhalanciny of positive and iwyativc ecconlricities f and if t-Iio 
eccentricity of one planet incroascB, that of fioino other planot or piano I s 
must con’espoudhigly decrease. 

The second equation is tho same, moi'ely Hiibstltntln^ tan’ll for a\ i la;lng 
the i»c/ma/fon of the planet's orUt to the invariable plane, 

The ooustant in this caso also Is small, tlioiigli of oourso not tho Sfiiun 
, os in the preceding equation. These Uvo oquatlons, taken in cojuiC-otUni 
with the tnvarJability of the poriods and the major o^oa of the plnnolnry 
orbits, have been calied tli6“j\[agua Chnrta'’Qf tho Htablllly of tho solar 
I system, 
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633. It doGs not follow that because the mUual attractiom^ of the 
phintJtB cannot serloualy derange the systtun it is, tUcreroro, of ne- 
cessity securely stable. There are many otlier conceivable actions 
which niighrend in its ultimate destruction ; sucli, for instance, as 
that of a resisting medium, or the entrance into the system of bodies 
coming from without. 
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CHAPTER XIV. 

THETLAOTITS: METHODS OlTEtNDJKG THKHi DTAMETBItS, JIASHliB* 

ETO.^THB “TERRESTIIIAIj FJ.ANETS ” AND ASTEHOIDa. — ■ 

INTRA-MBROURIAL PLiVNlSTfl AND THE ZODIAOAL LIGHT. 

In diaoiiasiug fcho iiidlvidiml poouHaritlcs of tlio planots, wo liavo 
to coiiaicler a luiiUitiicle of different data ; for Instanco^ tlioir dfametersy 
their masmi aud densUieSj their axial rolation^ tholr 8{trfaoo-mar]ci^n/.^^ 
their rejiectmg jmver or “ albedo^** and fclioir salellite syslems, 

634. Diameter. — The appai’ent diameter of a planet is aacorfcrtined 
by measiireraent with some kind of micrometer (Art, 70). For this 
purpose the double-image” inicromoter has an advantage ovor tlio 
wire mioromoter beoaiiso of the effect of irmdiatioiL 

Wien we bring two wires to touch the two liniitfl of the j^Janofc in tliu 
field of view of the telescope, Fig. 100, e, the briglit imago of tlio planet is 
always meosmed too lai’ge, beoaiiae evoiy bright object appears to ox tend 

ifcsolf eomowiiat into the dark aur* 
rounding apace, by itfl physiologi- 
cal action upon the retina of the 
eye. Tids is known nsinmlinlwn 
— well oxomplinod at the tlino of 
new moon, wlieii the bright crus- 

MioromoierMefl^ure«ofnPUDeL*ij>[timDior. cent appears to bo miioli larger 

than the old moon ** faintly visi- 
ble y earth-shijie, With small insti'Umenta this error is often ooiiHidoro- 
ble, varying \\'ith the peraoiial eqimbioii of tbo observer, but it may bo 
r^nced to soma extent by using ns bright an illmninatioii of tlio Oald of 
view as the object will bear. 

With the clouble-imago iniovometer, the observer in monsuring has to 
bring iu contact two discs of equal brightness, ns In Pig. 100, h ; and In tlila 
case the irradiation almost vanishes at the i)oinfc of ooiitaot. 

The diameter thus measured is, of oom-ae, only tbo o/j^jwentcllaiu- 
eter, to be expressed in seconds of arc, and varies with every oliango 
o istauoe, To get the real diameter In linoar units, we have 

Real diameter = ^ ^ 

206266 ’ 
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in which A is the distance of the planet from the earth, and /J" the 
diameter in seconds of are* If A is given only in astronomical units, 
the diameter comes out, of course, in terms of that unit. To get 
tiic diameter in miles, wc must know the value of this unit in tnilos ; 
that is, tlie snn^s distance from the earth. 


636. Extent of Surface and Volume. — Having the diameter, the 
aurfuce^ of course, is proportional to its squarey and is equal to the 

carth^s surfaqe multiplied by in which a is the semi-cliameter of 
the planet and p tlmt of the earth. 

The volume equals in terms of the earth^s volume. (The stu- 
dent must bo on his guard against confounding the volume or bulk of 


a planet with its mass,) 

The nearer the planet, other things being equal, the more accurahdy 
the above data can be determined. The error of O'M in measuring 
the apparent diameter of Venus, when nearest, counts for less than 
thirteen miles in the real diameter of the planet; while in Noptiine^s 
case it would coiTespond to more than le*100 miles. The student 
must not be surprised, therefore, at finding conBidorablo discrepan- 
cies in the data given for the remoter planets by different authorities. 




636, Mass of a Planet which has a Satellite. — In tins case its 
mass is easily and accurately found by observing the period and 
distance of the satellite. Wo have the fiuidamontnl equation 

in which ilf Is the mass of the planet, m that of Its satelUto, r the 
radius of the orbit of tiie satellite, and t its period. 


The formula is derived as follows : From the law of gravitation the accel- 
erating force whioli acts on tlio satolllto is given by the equation 

A M + ?« 

^ r® 

(Art. 417), in which M is the mass oC tlio planet and m tlmt oMlio satelUte, 
From the law of circular motion (Art. 411, Eq, h) wo have 
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whence (e4iiiatiiig tlie two vtiluos of /) wo have 

and finally? ^ 

Thla demonstration ia etidobly good only for oivoular orbita ; but the orj nation 
la equally true, and can he proved for elliptioul orbits, if for r wo put n, tlH» 
seini-nmjor axis of the satellite^fl orbit. 

V 

For many purposes n proportion is more convonlont than this oquiL- 
tlon, since the ecpiatlon requiies tlmt 3/, ?», aiul t bo o:;:pro8Botl In 
properly chosen units lu oitler that It may bo numorloally true. Con- 
verting the equation into a proportion, wo have 

: {Ml c=3^' ; ^ ; 

or, in words, the uniiecl maas of a body and its sateUito is to the unilod 
maaa of a second body and its satellUe as the ouhe of the distancG of 
the Jlyst satelUte divided by the square of its is to the cube of the 

distance of the secojid aatdUte divided by the square of Us period. Tills 
enables ns at once to compare the masses of any two bodies which 
have attendants revolving aroimcl them. 

The mass of the moon is so considerable as oomparod with that 
of the earth (about that It will not do to neglect it; but In nil 
other cases the satellite is less than of the mnas of Ita primary, 
and need nob be taken into aocotmt, 


637. Examples. — ( 1 ) Reqnired bho 
that of tlie earth. The proporbion ia 


mass of blio aim oomparod with 


(5 + earth) j (E + niooiO = 

(805})2 ’ ' 

The quantities in the Inst term of the proportion are of coui'se bhe distanoo 
and period of (hfi moon; and it is to bo remBinboi-ed tlmh for the period ol! 
16 moon we must use, not the actual sidereal ijeriod, but the period as it 
the moon^s motion toers undisturbed, period aboiit an liouv 


(2) Compare tha mass of the earth vtith that of Jupltor, whoso ramotoat 
aateUite has a period of 10} daya, and a distance of 1,100,000 miles.. We have 


(E + inooiri ! IJ + satallUa^ = (23nOO Ql» . (11000001* 

(27.4)» ’ (10})a > 
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wUioh giv(!3 thn nuiHR of Jupiiov about 318 times as great as that of the earth 
uml njoon logotUor. 


638. It in cimtomnry to express the .mass of a planet as certain 
fmotiou of tho nnis«j and the proportion ia simply 


7?^ 

Sun:PUnet = — : 


whonoo 


Vlanot^a mass == Sun’s inasa X 


©’Kf)* 


^vluu’O T and Ji nro the planet's period and distance from the snn. Since 
It tuul r can both bo detovraiiiod in astronomical units without any 
lUMtosHily for knowing the length of that unit in miles, the masses of 
the planets in lervis of Ihe sttn's mass are independent of any knowl- 
udgo of tlio Boliir parallax. But to compare them with the earth, we 
umat Icnow tliin parallax, since tiie moon’s distance from the earth, 
which enters into Liie eqntitione, is found by observation in miles or 
in nulii of the earth, and not in astronomical units. 

In order to inako use of the satellites for this purpose we must 
detivnuino by mtcioiuotrienl o1)aervationB their distances from the 
phuiotn and llieir periods. 

(530. Mass of a Planet which has no Satellite,— IVhen a planet 
iniH not a Hulellile, tho determination of its mass is a very difflcnltancl 
troublesome, tnoble.n, and can be solved only by finding some pertur- 
bation ttrodiuanl by the planet, and then aseertammg, by a soit o 
o trial and error" method, the mass whleh would produce that pertui- 
bation. Veniw iliHtnrbs the earth and Mercury, and froni these per- 

]:ZLm I.., .».» i. — 

ulso one or two coined whioli oomo near him, and m this waj g 
a rather rough deterniination of his mass. 

RAft -Densltv ~'l'ho density of a body as compared with the 

earaWH delcrmLd simply by dividing its mass by its volume ; ue., 

m 

Beiislty = 7^3- 


ff i- 


I, / 'V. 1 1).«. U'** '■» *“ ■ , , Th. 
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denziiy, therefore, equals oi’ ".bout 0.2d, of tlio earth’s Llonslfcy, or about 
times that of water, the earth’s density being n.ilS (Art. 171)* 


fi41. The Surface Gravity. — The force of gravity on t\ pUinot'H 
surface ns compareil with that ou the Biirfaoc of the earth \h iuiportunL 
iu giving na an Idea of its physical condition. If r is tho rnclluH of 
the planet in tenns of the earth^s radius, tliQii 


Surface gravity, or Gy = 





ne., it equals the planet’s multlpllod by its dkmelo}' oxpvoHHi!il 

In terms of tlie earth’s diameter. 


For Jupiter, fcliorefoi'e, (? = ^= 11 x donsity = 11 X 0.24 — 2.04 uoavly , 

Thp.t is, a body at Jupiter would weigh 2.0 ns much os one at tlio earth’H 
surface. 


642, The Planet’s Oblatenesa, — Tho oblatonosB " or ‘‘polur- 
oompresaion ” la the diffh'ence between the equatorial nud ijoliir 
diameters divided by the equatorial diameter. It is, of coiir.so, 
determined, when it is possible to dotonnino it at all, simply by 
mlororaetilo measurements of the difPoi^enco between tho groatoHt and 
least diameters. Tho quantity is always very small and tho obaorva- 
tloiis delicate. 


643. The Time of Rotation, when it can bo determined, Is found 
by observing the passage of some spot visible in the telescope aoroHH 
the central line of the planet’s disc, In roduoing tho obHorvntlonH la 
And the Interval between snob ti’ansits, account lias to bo taken of tlni 
continual ohauge in the direction of tho lino whloh joiiiB tho planet 
and the earth, and also of the vailntlous lii tho distance, which will 
alter the time taken by liglit in coming to tho earth from tlio body, 

644. The Inolination of the Axis is doduood from the same obsov- 
vatious whloh are used hi obtaining the rotation period. It ia nociuH- 
aary to determine with the raiorometer the paths dosorlbccl by dKTur- 
ent spots as they move across the pknot’a disc. It Is poaHll)lo U> 
ascertain It with aoouracy for only a very few of the piano ts i Mai H, 
Jupiter, and Saturn are the only ones that fiiniish tho nooclod data. 

646. The Surface Peculiarities and Topography of tho surfnoo 
are studied by the telescope. The observer makes drawings of uny 
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maiklngs winch he nmy bco^ and b\ their coinpnrmon ia at last able 
to diacriminato between what is lempoiaiy and wluit ib peininncnt on 
tlio planet IftlaiH alone, thus far, permits ns toinako a map of its 
Biuface* 

546. SpeotroBOopio PeouUarities and Albedo —The chaiactoi- 
istics of the planet*s iitmosplu're can bo to soino CKtonfc stucliccl by 
means of the Bpoctioscope, which In some few cases shows the pves- 
eiico of watei-vupoi and othei absoilnng media^ by dtuk bauds m 
the planets spodrmiu The dtoto,” or rofleoting power of ii 
planct^s Hiufiu’e is deteimmed by photomotuo obsoivations, com- 
pailng it with a real or artiftisal star, or with soino othei planet, 

647, The Satellite System of a Planet. — The piinoipal data to be 
ascGi tamed aie the ihHUnieea and of tlio saielhtos. and the 

obscivatioiiB are made by measuring the appeoent diatances and 
diiections of the satellites fiom the contie of tho planet with the wiio 
mioiomotev (Art. 73). Obsoivutions made at the times when the 
satellite is near Ub elongation nio especially valuable in dotcrniiiung 
the dlHtanco, 

If the planet and eaiili wise at lesl, the flalolhte’a path wowXd appeal In 
bo an ellipse, unultoHMl in dnnoiisions dining lUo \vhole hoiioboC obseiva 
tious; but snict^ tho etnlh and planet aio liotli moving, ithocomos a coinpb 
cated xnohloiu lo doiounino tho salolUto’a tuio orbit fiom ibo eimmlk of 
ohsei vations. 

548. With the exception of the moon and the outer satellite of Saturn, \ 
all the aatellltes of tho planetaiy systoni movo almost exactly ni the plane of ' 
the Gcpmtor of tho pinnaiyj and all hut tho moon and tho seventh aatolhto 
of Satmii (Ilypoilon) movo in oibifcs almost onculai I.a Place ami Tisso- 
land have shown that tho equaloiial inotuboianco of a planet compels any 
satellito which m not vtny loinolo fiom its pinnaiy to move neaily In the 
ecpialoiial plane, but iho almost porfeot ciionlaiUy of the oi hits is not yet 
explained When tlmio aio a number of satelliios in a system, Intoiesting 
piobloms aviso m conn(‘ction with llioir mutual distiubances , and in nfew 
cases it becomes possible lo deioimino a satclhio^s mass as conipaiod \Mili , 
tliat of its pinnaiy. In soveial insianocs salelldos show peoiiliai vmiaiions j 
in lluur biightness, which aio supposed to indlcalo that Uioy i^iaUo an axial / 
lotaiiou in the Unio of ono lovolution aiound tho pilinaiy, in tho same way ' 
as oui motm does. 

640. Humboldta Olassifloatlon of the Planets, — Ilumboklt Ims 
divided the planeU into two groniis tho (ematriial ]ilanot8, so called, 
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iUKl the major planets. The terrestrinl pUuiotM imi ftlercnryi Voiuih, 
the earth, and Mars. They fli‘e bodies of the siitiie ordor of 
tilde, ranging from 3000 to 8000 mi I os in diameter, not very differ- 
ent in density (tliougli Kerciiry is nnieli dimsor Limn olllun* of 
the others) j and are probably roughly alike in })hyslmil (ujiiwd- 
tutioii, and covered with water and air. But we hastim lo niiy (lull 
the differences in the amount of Iieat and liglit whieh tliey remdve 
from the sun, and in the force of gravity upon their Hin-rai'CH, and 
probably in tiie density of their atmospiiorc8, arc Huoh us in Imr tiny 
positive conclusions as to their being the abode of life reHeiiibliag lln^ 
forms of life with which we are acquainted on tlie uartb. 


650, The four major planets, Jupiter, Saturn, Uranus, and Nop- 
tune, are much larger bodies (ranging in diameter betwooa JM),01)U 
and 90,000 miles), are much loss dense, and so fur iih >vo cun 
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oHt, present to „s only a surface of cloud, and luay i,ok Imvo 

tliJr solKl ‘'bout them. There are some reasons for huhiuhiiJiio- 

in fact, that .ruLiKu. is a hoH of 
mni sun, hut this m by no means yet eortain. 

As for the multitudinous asteroids, the nrobabilitv is that tlmv 


Micuctjnv. 

]\vim Inokon lo pieces. All oT them iiniti‘(l woukl not miiko ii pluntt 
one- half Ihu nuisa ol! tins eiuth. 

170 BhowH the rolatlvo bizcb of tlie differcut planets. 

Ill what follows, all the numerical data, so far as they depend on 
the Holiiv piirallax:, avo dotorinined on the assumption tliat that paruh 
lax is and that the buu’h mean distance is 92,807000 miles. 


MKllCUllY, 

CBl. 'riuu’o is no record of the discovery of the planet. It has 
inn'll Icnown from roinoto antiquity; and we Imve recorded 
U*onn runiiinf^ i)adc to n.o. 20^1, 


l'*or lb lime Um aneiisnt astroiioniors seem to have failed to recognize it 
iH tlio simus body on Urn. eiistom and Avestcru sides of the sun, so that the 
'( h'Cflcs had for t^lhm two names for it, — Apollo Avhen it was morning star, 
ami Moremvy when it was cvc3nmfy star. According to Arago, the Egyptians 
(uillml it Set iiml n<»riiH, and tho Hindoos also gave it two names. 

It in mi iKUir the nun that it la comparatively seldom seen witli tho 
(\v«i J Imt 'vliiMi lUMir Us grcjvtost elongation it is easily enough 
visiUln ils 11 liriUiaiit star of the first magnitude low down in the twi- 
Ih^lit) povliii-iis not (|nU(s so lu’iglit fts Sirina, but certainly brighter than 
jCirUiruH. It is nsimlly visihlo for about a fortnight at each elonga- 
tion, ami is best seen in the evening at such eastern elongations as 
.K,,iir in Waroh and April. In Nortliern Europe it is much move 
dililoult to observe Limn lit lower latitudes, and Copernicus is said 
nnver U. have seen it. Tycho, however, obtained a considerable 

niuuhoi' of <il)Mci‘Viiti<)nH. 

fi6a. It is exeeptioniil in tlic solar system in a great variety 
of waVH. It the naamt planet to tlic sun, recedes tM «‘o»t 
,u j 3 i« tnr. sndMt in its movome.it, and (excepting some of tl 
uHtvvoUlH'i kiiH Uiii mofil ecamlrio orbit, with the greates tne | 

u «... 

usleroids), bus the ImkI wrw, n.id the yieatest y 
lilannts. 

0fi3. Diataiioo. Light, and 

soil is :iti, 000000 miles, but the out of 

(0.205), that the sini 5u aevon mu 
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varies from lliirty-flvo mlloa n fiooond at porlhnHoii Uj 
nb aphelion. On the averngo It looolveH 0.7 tlinen im nnieli lunl 
heat RB the earth; but tlio heat roooivod at iM'iihnlion \h t(J I hat ul 
aphelion In the ratio of 0 to 4. b'or tliifl roiiHoii Llieru inuHt In* iwii 
seasons in its j^ear duo to fclio ohanglng cllHfcaiuui, (^vun if tln^ oqnarMS 
of tho piano b is parallel to the piano of its orbihi whioli would priM'lmh* 
aensouB like our own. If tho planoVB equator Is IntdiiK'd iit an uiq^lr 
like tho earth's, then tho soaBons nuiBt bo very t^om|dl<tnLod. 

66L Period.— Tho sidereal period is very Jioarly HH dayH, apid 
thQ synodic period^ ortho time from oonjniiottoii to <a>njun(^tlfni iigiihu 
1b about 116 clays, Tho groateat clongatlou rii ugoH from iH“ lo 
and oooitrs about twenty- two dayn before and aftor Dm liirfrlni 
conjiinotiou, or about thirty-six days before and nfDn* Dm Hiijn'rh>i 
conjunotlon. Tho planet's nro of retrogrosHlon in alxnit 12^ (mnidd" 
erably variable), and tho stationary point is v<uy near llai 
elongation. 

666, Inolinatidn. — Tho inellimtion of tho orbit to the eolipth^ \u 
about 7^ but the greatest gcooentrlo hitltiub? (lliat in, tla^ plniit'l'-. 
greatest distance from tho collpLio ua Hoon fiotji the eurtli) is iievn 
quite so great. 

660, Diameter, Surface, and Volume, — T*/ie apparent dirtmefri* 
ranges from 5" to about l!]^ uecoixllng to Itn dlHtum*e from uh ; llii* 
least dlatanco from the earth boing about r>7,O0(M)()j) mi lea (Jm 
30), while the groatest ia about 120,00(){)00 M’he rvtti 

diameter vQvy nmr 8000 inllos, not dllTerlng (Vom that morn llmu 
fifty mllea either way. It is not easy to moaaiiro, and Uie ** pmlmldr 
eiTor" 18 perhaps rather larger than would have linen expnnU-fl 
with tuia diameter, its aurfuco Is | of llui (mrth'H, ii.ui if, 
volil'iTie - 


tOfiJ. Mftss, Dsnsity, end Surface Gravity. — lu mass Is very ,liin- 
cult to detemilue, siuoo it has no satdllto, and tlin valmm nhlaiiu..! hy 
La Place Enoke, Loverrlor, and others, rango nil the way fr,,,,, ) 
tlie eartii’s mass to 

large.uT.i'l “lu'jT.,?,” '.T' ‘'“‘o'- 

H,- ;:r 
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U8 ft \mmi douHiiy about. ^ times that of iho eaitli, oi neaily 12J tunes that 
of AViiU’i, a httlo loss than that of the metal nmcmy So fai as kno^vn, the 
ouiMi Htands next In it m density, but witli a uidc iiitonal, so that ^leicmy 

nllogfdlioi o\oopiioiial in this lespect, as has been said befoie The lesiilt, 
iH liable U) a < onsidei able euoi, on aceoiuit of the uncei tamty of 
\\\i^ )daunl.’« musH, TiOVOiuoiN osiimate of the mass and density being onh 
,il)Out one half as gieiit as Bnoklund’s The supeijicial gxwity is about J that 
at llio raiLliN smfuci^ if we accept IhidvlmuVs mass 

568 Ilrt Alhodo^ 01 lenecliug powei, us dotei mined by ZoUnei is 
\{*V) low only OJd, someuhat infeiior to that of the moou 

Til 1H7S NasiujUi nbsened tlio planet in the same field of view with 
VfmiH, and alUiotigli Meiciuv wnis then not much moie than half as fai 
fioni Urn sun UK ViMiuH, and thoiofoio foui limes as biightly illumiiuited, it 
appemed to bn less luiimmus in the telescope “Teiius W'as like silvei, 
Mmmu> like /mo oi IciuV* 

lu tbo puipovtum of lit»ht given out at its clilferent phases, it 
heluni^s like the moon, llaslung out stiongly neai the full, ns if it had 
a Biu*(tu*o of iho Banm rough htiucturo us that of oui satellite. 

i 660 Telesoopio Appoaiauco and Phases. — Seen by the telescope, 
tho planet IooUh Uku a UUlo moon, showing phases precisely similar 
to thoHo of onr satidlito At uifcuor conjunction the Omk side is 
towuulH US, ill Hupoiior conjunction the lUuminatecl surface. At 



tiic gicalosl elongation it appeuYB like a half-moon. Between supe- 
uoi conjunction and grcalCBl olongnUon \t is gibbous, ‘while between 
lufcrioi conjunctions and Ibe clongaiions it shows the crescent phase 
Fig. 171 lllustrntoB tlio phases of boUiMerciuy and Yenus. 


Vtn llio mmi imi, Rtoicmy can bo obsoived 
inoi.wi lucottulioiiH mo taken to «o»con the objoot-glass of the telescope from 
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the direct sunliglit, the obaervatioii is not didlculfc, TI10 8 Ui*Inco proHniil!! 
vary little of interest. Tlieve are no markings ^Yoll onougli do(lno<l to give; 
u 9 any trustworthy do termination of tlio planet’s rotation, or of its 
raphy. Occasionally the tonninator the lino wliicli 8 ei>arutt!H LI 10 illu- 
minated and nnilliiininated portions of tliu planet) appnai’H to bn 11 lij.lhi 
irregular, instead of afcnio oval, as it should be j and at tiniOH wlinii llm jdiunn 
is crescent-form, the points, or oiisps, aro a little bliintnd ; Iroin tliis homui ns- 
trononiers have infen’ed tho existence of high nionntahiH upf)ii tli(» phninr. 
Sohroter, a German astronomer, tho contoinpornry of iho older Jltirsnlinl, 
deduced from his observations a rotation iwiod for tho phinnl of 21 li. 
5 ni,] hut later observers, with instruments cortainly Jar more j^>orf(?(ii, bjivii 
not l)eeii able to verify his results, and they aro now 001 ini don ;il an of littln 
weight. 

660. Atmosphere. — Tho Gvldonco upon this eubjoct la nut 0011 - 
ohisivo. Ita atniosphero, if it has 0110 , in list, howovor, bo iniudi Iuhh 
dense than that of Venus. No ring of light is seen aiimninding Iluv 
disc of the planet when it entei's the limb of the sun iit the Liino of 
a transit, while in the case of Veiuis suoli a ring, duo to tliu utimiH- 
pheiio refraction, Is very oonsplcuous. On tho other huiul, IIiiggiiiH 
and Vogol, who have examined tho spoctriim of the iilnnet, ro])(>rt 
that certain Jlncs in the spectrum, duo to tlio prcfionco of w liter- 
vapor, wore deoidedly stronger than in tho speotrum of tlio air (illu- 
minated by suiiBhine) , which formed tho background for tlio plantil, 
making it probable that it has an ntmoaphere containing water- vu|Jor 

like the ntuiosphero of tlie earth, but probably loss oxtonsivo unci 
dense. 


601 . Transits.— Usually at tlio tlino of Inforlor con, In notion tlio 
planet passes north or south of tlic sim, tlio inollmvtlon of Itn oi-lilt 
iroliig 7 ; but if the oonjiinotion occurs when the plniiot lu vi.tv near 
Its node. It will cross the disc of the sun and bo visiblo uin„, It .m n 
raa black spot— not, however, largo onoiigh to bo soon without u 
telescope, ns Venus can under similar cireumstanoOB. 

n'oasuring the diainoter ot 
spewal precautions ai-o talcoii, the mouHurod diiinintcr 

l It “"“T " «««"< necounrrl, iZuu. 

siirroiui ing aolrgroiiud, which onoronohes upon tho i)liinut‘'H clisn. 

Since the planet’s norles are in longitudes 227® iliuI -i 7 * n i 



INTJCltVAL BKTWKWNf TRANSITS. 


327 


Wf>iiUl 1)0 2® 10' ; blit at tho Hay transits the planet is near its 
iipliolion and nuioli ncnver the earth than ordinarily, so that the limit 
in dinruii.shed, while tho November limit is correspondingly iucreasecl. 
'I'lio l\I'ay tnuiHlts arc in fact only about half as numerous as the 
November transitB. 

fi62, Interval between Transits, — Twonty-two synodic periods of 
Hci'cury are [>retty nearly equal to 7 years; 41 still more nearly 
4'(|iitLl 13 yeary; and 143 almost exactly equal 46 years. Hence, 
a November transit, a second one is possible in 7 years, prob- 
able in 13 yeum, and practically certiiiii in 46. For the Slay tran- 
sits lb(^ repetition after 7 years is not possible, and it often fails in 
13 yenrH. 

'Tlin InniKits of Uio ju’eseiit c(Mitury are the following i —** 

YV/oix/Av. i'^lay 3; 1810, May 8 ; 1878, ]May Oj 1891, Jlay 9, 
7V«ns/As'. — 1802, Nov, 0; 1815, Nov, 11; 1822, Nov. 5; 1835, 
Nov. 7; 1818, Nov. 10; 1801, Nov. 12; 1868, Nov, 6; 1881, Nov. 7; 1891, 
N<jv. In. 

'riie lii’rtt ti'ansit of Mercury ever observed was by Gassendi, Nov. 7, 1631. 

•VUis iransliH ol Mercury are of no particular astronomical importance, 
iixinuii as giving uceuratn detormimitions of the planet’s place, by means of 
wlihrh Us orbit can detenninod, Newcomb 1ms also recently made an 
iaivnstinution of all Uic recorded iranaifcs, for the purpose of testing the 
uniforiiilly of the (mrth’s rotation. They indicate no perceptible change in 
tho Innglii of the day. 


VI5NIJS. 

fi03 4'lm next planet in order IVoni the sun is Venus, the brightest 
•,„„1 „msl; coimi.i(ntouH of nil, tlm eartl.‘s twin sinter in magmtude, 
Hi(.v> -ma s nonvl conHtitntion, if not also in age, ns to winch we 
rr no knoiledgo. Inko Me, •on, 7, it had two names ninong the 
t ; vookH, - Vlw.<tLniH as nioniing star, and IJespems as e^inng sfai . 
It is so iH'illifiiit that it is easily seen by the naked eye ,o the claylune 
fov- w'veval wcoics when near its greatest elongation ; sometimes ,t m 
bright onoiigli to <«tel. tl.e oye at once, but nsnaliy ,t is seen by day- 

Utfla Hilly wliiili Hill liriiclaoly wliei-c to loo ( foi 

% 1. 11 . 11 , mi “ “/ «*"*-■■ '' ’*“ 

fni'inently hdoni for it.) 

.r,jrr.rAsr r 1 
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orbit is the smallest in the pkiiotary system (only 0.007), so that tlio 
greatest ami least distances of the planet from the sini dilfer fifnii 
the mean only 470,000 miles each way. Its orbital velocity is 
twenty-two miles per second. 

Its sidereal period is 226 days, or bovou aiul ono-iuilf Jiiontlis, ami 
its aynodio period 684 days — a year and seven moiitlm. From Riipe- 
rlor conjunction to elongation on either side is 220 while from 

inferior conjunction to elongation is only 71 or 72 days, Tlie arc of 
refci-ogresslon is 16". 

The indination of its orbit is only 


606. Diameter, Surface, and Volume. —The api)arcnt dlainoter 
ranges from 67'^ at the time of Inferior conjunction to only 11'^ at Ltn\ 
superior. This great ditfcrcnco depouds, of course, ui>on the oiioj-- 
moiis change in the distance of the planet from the oartin At 
inferior conjunctioii the jdanet Is only 26,000000 inllcs from us (Ih’l 
— 67). No other body ever comes so near the earth ()xcc])t Uio 
moon, and occasionally a comet. Its greatest distunco at superior 
conjunction is 160,000000 miles (98+67), so that tho ratio botwnen 
the greatest distance and the least is more tlmn G to 1. 

The real diameter of the planet is 7700 (± 30) miles. Its sur^ 
face, as compared witli that of the earth, is nincty-Ilvo per conti 
its voUime ninety-two per cent. 


608. Mass, Density, and Gravity. ^ By means of tho porturb/i- 
tlons she produces upon tlie earth, tlie mass of Vonua is found to ho 
seventy-eight per cent of tho eai'th^s ; hence her densiiy is eighty-nix 

per cent, and her anj^erjlcial gravity oighty-threo por cent of Llio 
earth's. 


667. PhMBs.— The tcloacopto appenmnee of tho plniict Ih Htrllc- 

Sr TT' M .uichvay between 

^oatest eloiigat:ou aiirt inferior conjunction alio has an nDunronl 

Bhe'^ln^ k so that, with n magnifying power of only forty-five, 

sanm TpiLruiL 

view through 

scopio object’: he inatinctiveindl «‘«o oC ^ h^lo- 

tlie sky. projecting tho object vitmally into 



MAXIMUAr lilliaHTNKSS. 


329 


According to tho theory of Ptolemy, Venus eoiild never sliow us 
more than Imlf her ilUiininiatecl surface, since iiccorcliug to his hypoth- 
esis she was aliomja hetmen and tlio sui^poml ovhit of the 
(Art, 500). Accordingly, when in IGIO Galileo discovered that she 
oxliiblted the gil)boua phase as well as the crescent, it was a strong 
argiiinont for Copernicus. Galileo announced his discovery in a curious 
by publishing the anagram, — 

“ Ilaoo iiTimatura a me jam fniatva leguntiir ; o, y,” 

Sonic inonthB later he funiishod the translation, — 

Cyufchiro hguras annxilatur jnater amonim,” 

which is formed by merely transposing the letters of the anagram, 
His object was to prevent any one from claiming to have anticipated 
him in this discovery, as had been done with respect to his discovery 
of the sun spots. 



Fiu, 172, — ToltiBCopic Aj[>pt'nmn«(jj» of VisniiB. 


Pig, 1V2 roprosoiits the disc of the planet aa seen at four points in ita 
orbit. 1, 3, and 5 are taken at superior conjunetion, greatest elongation, 
and near inferior conjunotion respeotively, while 2 atid 4 are at iiiterine- 
diato points. 

668, Maximum Brightness, — The planet attains its maximum 
brilliaiico thirty-six days before and after inferior conjunotion, at i\ 
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distauce of about 38° or 89° from the sun, when Ita pimso Is like IhaL 
of the moon about five clays old. It then casts a strong shndo'w, 
and, as has already been said, Is easily visible by day with Uio 
naked eye. 

069. Sui’faoe Markings, — These are not at all eoimpicuoiiH, Near 
tho lirab of the planet, which is always iiiiiah brighter tiliiiii the onnti'Eil j]|ir(s 
(as is also the case witli Mercury and Mars), they can never bo well 
although aoinetinies when Venus was in tho crescoiit pliaso, intonaely bright 
ai>ot 3 have been reported near the cusps, as at a and h in No. 4, 17ii. 

These may peril aps bo ice-caps like those wliicli uro scon on Mars. Near llio 
tenniiiator,” which is less brilliant and less sharply defined than tlio limb, 
irregular darkisli sliadiiigs are soniotiines seen, sncli ns are iiidioatocl by tbn 
dotted lines in the figures, but without any distinct outline. Tlioy may bo 
con tine nU and oceans dimly visible, or they may be iiiero atmoH])lim‘i<i 
objects; observations do not yet decide. 


t670. Rotation of the Plauet* — From the obaervatlon of Biufli 
nmrkiugs Schrdter deduced the rotation period of 28'‘ which \ u\h 
since been partially coufirmed by one or two Other observers, and 
inny be approxiumtcl.v correct. ' De Vico conohulocl tlmt tlio pliinoL’n 
equator makes an angle of about 54° with tho piano of Its orbit. 
This, however; Is extremely doubtful. If the bright siiots wliloJi 
have been referred to in Art. 56!) arc really polar loo-caps, tliu 
equator cannot be very greatly iuollned. (.See Clorko’s “ nistory of 
Astronomy/’ p. 299.) 


No seiiBible differenoe has been ascertained bohvoen the different cl lam- 
oters of the planet. If it were really as nmeh flattened at tho poles ns tho 

^ l«tweoii the, iwlai- ami o.iuivto- 

rial diameters ns measured at the time of the planet’s transil. ^ 

Ker*l\ IiTegukritios ocoasioimlly ob- 

eluded Hint H ^ oresoent, various observers Imvo con- 

pole the extra “Bsigaod to some of those near tho southern 

po e the extravagant altitude of twenty-five or thirty miles but thn 
ovlden. is entirely losufflcient to warrL any conncjLoflntlm co;" 


0. 'ZS ZTol T 

nies that of the moon, and almost four 
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thncia that of Morcmy. It ia, however, exceeded by the reflecting 
power tUo HUrtaccfi of Jupiter and Ui’amis, wliUe that of Saturn 
iiplKiars to 1)0 about tlic aauie. This high reflecting power probably 
liidicntca that the surface is mostly covered with oloucl, as few rocks 
or soils could match it in brightness. 


fi?3. Evitlenoes of Atmosphere, — When the planet is near the 
son, tho horns of tho orescent extend notably beyond the diameter, 
uiul wliou very near tlio sun, a tliin lino of light .has been seen by 
several oiiservers, especially Professor Lyman of New Haven, to 
)!oniplctu tho wlioio circinnforoncc. Tl)is is due to refraction of sun- 
llglit iiy liie planet’s ahnosphcrc, a phenomenon still better seen ns 
the planet is entering upon the sun’s disc.nt a transit, when the 
hltick <liW! ia Hurrounded by n beautiful ring of light. From the ob- 
Hcrviitionn of tlio transit of 1874, Watson concluded that the planet's 
utiuosplicro must have a depth of about flfty-flvo miles, that of the 
ourtli being usually reckoned at forty miles. Other obseiveis m 
diiTci'cnfc ways have como to substantially tlie same results. Its 
nlwtoHpboro is pvobaiily from one and a l)alf to two times as extensive 
and tlon.Ho ns our own, and the spectroscope shows evidence of the 
pve.Hc.ncw of wnter-vapor in it. 

Luthtu OH nurJc PorHon.—Mmy observers have also yepovtcd 
fulut liohts us visible at times on tlie dark portion of the planet’s 
disc. Thc«ii (uvnuot be accounted for by reflection, but must origi- 
nate on the planet’s surface ; tlioy recall the Aurora Borealis and 
othur clcotrlcid manifestations on the earth. 


674 Satellites. •- No satellite is icnown, althmigli in the last 
cinitno' a number of observers at various times thought they had 

found one. 

Til iiiostcaspa thcvoiiwrved smidi stars near the planet, which we can 
w lihmiifv by com'iuitlng tlio place occupied by the planet at the date o 

«t ««.* it m »»t. V..7 

!rrinret„«. giving »» • 
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She is then visible (even to the iinketl eye) na ii bhiek Hpnl on the 
diao, oroBsiag it from east to west. 

As the inclination of the plaiiet^B orbit in nearly th(^ ^Urantiil 
limit'* is small (about 4'*), and the transitn are tliovofore very yhyv 
phenomeua. The BUii passes the nodes of the oihlb on Juno A mid 
December 7, so that all ti'misits must occur on or near tlioHo 
When Venus crosses the siiii^s disc cen^?‘a%, tlio diiriilloii of tlio 
transit la about eight hours. Taking the meiin dlainetor of tbo Mini 
as 82'^ or of a oivoumfevonoo, and tlio planot'H synodlo period 
as 684 clays, tbe geocentric duration of a contral triuiHlt Hbould lio 
^ ^ Tvhich equals 0.332 days, or 68"*. 

When tbe transit track lies near the edge of tlio dlHo, tijc diuatlon 
ia of course correspondifjgly shortened, 


676, Reourrenoe of Transits. — Fivo synodic, or tliirtoon Mldoroiil, 
revolutions of Venus arc very nearly equal to eight yoarn, the dllTor- 
eucG being only a little more than one day ; and still more nearly, ip 
fact almost exactly, 248 yoara are equal to 162 synodic, or 31)6 hUIu- 
real, reYolutioiia, If, tlien, wo have a trauHit at any tlmc^, 'wo ^nay 
have another at the same node eight years oarlior or later. MlxtoiUi 
years before or after it would bo iinposaiblo, and no otlior triiUHlt 
can occur at the same node until after tlio lapHO of two hundred and 
thirty-Jive or two hundred and forly-ihreo, years. 

If the plauet crosses tlie sun nearly centrally, the (runslb will nob 
be accompanied by another at an eight-year Interval, hut tlm idaiiob 
will pass either north or south of the suifs disc, at bho oonjunollonH 
next preceding and following. If, liowovcr, as Is now llic emsc^ Kin 
transit path is near the northern or southern edge of tlio huh, thou 
there will l>e a companion transit across the opiioBlbo culgo of the 
disc eight yeai^ before or after. Thus, if wc Jiavo u pair of Juuu 
transits, ecpai'ated by nn elght-yoar interval, tt will Im Ibllowcd by 
nnother pair at the same node in 243 years ; and a pair of J)erfmhi>r 
tiansits will come m about halfway bo twooii the two pairs of J imo tran- 

Ini thousand years or ao from the present time tlio trannlts 

wUl cease to come m pairs, as they liavo boon doing for 2000 yr?nm. 

(latmL ocoiirrecl or will occur on Mu» fi^llcjwing 


Dsoember 7, 1631.) 
December 4, 1080. ) 
December 0, 1874. > 
December 0, 1882. i 


Juno 6, 1781. \ 
Juno 13, 1700. J 
. Juno 8, 200d, ) 
Juno 0, 2012. i 
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Tho apeoial mtoiosl m ilioso tiaiisils consifits in the mv that hn^ boon 
made of tliom for Iho puiposo of findmg tlio sun**? 
paiallax, a subject \vhich will bo discussed lalci ou 
(Chap XVI) 

'fho lust obsGived timisit, lu IGdO, >\iis soon liy 
only two poisons, — IIoii ox and Ciabtioo, in Rng- 
land. Tho foui which lia\e occuiicd sinco tlion 
ha\o been oxtoiisuoly obsoived in all pails of the 
woild whoiQ they woio visible, by scion ti he G'sipGditioiis 
sont out foi tho puiposo by difteiont nations TTio 
tiansits ot 1700 and 1882 woio visible in tho Unilecl 
States ITg 173 shows tho tiuck of Yeiuis acioss 
Iho 8uu*s diso at tho two tiansits of 1874. and 1882 

MAltS * 

This planet is also pichistoiio as to its cliBCOVory It is so con- 
spicuous m coloi and biightucss, and m tho exlont and apparent 
capiioiousnesB of its movement among the staiB, that it could not 
have escaped tho notice of tho voxy oarhest obseivoia 

678, Orbit — Its mean distance fiom the suu is 111,500000 

miles, but tlie eccenlricih/ of Iho orbit is so considerable (0 090) 
that tho distance vanes about 13,000000 miles Tho light and heat 
which it receives fiom tho sun is somewhat less limn half of that 
leceived by the eaith The tnclimftion of its oiblt is small, l°61h 
Tlic planet's sidereal peiiod is 087 days, or 1^ 10}“’®, winch gives 
It an avorage 'orbital velocity of Ilf toon inilos per second Its 
synodic period is 780 days, oi 2^ It is the longest m the 

solai system, that of Venus (584 days) coming next. Of the 780 
da)S, it moves eastwaid diumg 710, and rctrogindes during 70, 
tbvoiigli an aic of 18° 

679. At opposUum its distance fiom tlieoaith Is 48,600- 

000 miles (141,500000 miles minus 92,900000 mi’os). When the 
opposition ocouis noai the planet's peillielion, this distance is lo- 
dueed to 35,050000 miles; if near aphelion, it is increased to o^er 
61,000000. At conjunction the avemgo distance fiom the cm ill 
18 234,400000 miles (141,500000 plus 92,900000) 

The apparent diametei and brilliancy of tho phiiict, of coiu&e, vary 
enormously with these gicat changes of distance. 

If wo put R foi tho planet’s dislauco fiom iho sun, and A for its distance 
fiom tho oaitli, its biightness, iiogloclmg the ooneolioii loi jihase^ should 
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Wo HikI from Hiirt llml, hiltinH; Mto is\ » uujuiu i 


as unity (nfc winch Hnio Uin phiiiot in jiiKmfc an n ‘ iiu' '.(ai \ , w i . 

^viato t(mn twcuty-tin’co (.lnion hnglito at fiin n^A 

throe tfiiius hrigliha if tho uppOHitinii ticttiir.H jif, fho |il*u(»'iV pi'i iin liini. \i 
an uufftvorahlo opp 4 miti'on ns hiis Im’oh iin»v tin Ul^uonunu 

tllHtftnt, tvvnl itft hvijthtmms tiuoi IH rnify niMiiit (\vi'iv*‘ ( n i ii ^ 

oonjnnotionj tivn ilitTormw-u hefAvnuu favoiuijfn imW imrnvMiiihli^ Mppcjif i'‘};Tr 

being lUQi'o fchiiii fouv to oito, 

Those favorable np[K>sitfiihs ocmir iiiways hi flm |>;iW nl An^nr)! 

wiitoh (late the sun paHHt3H Uio lino of upsbira iif (h,* pliiina )i ami v;iV^ 

of ftfteeu or aavmitcoii yoais, ^i'lio last wim In IH'/V, Mini ilm u»>\\ wiW 1 n» 
1602. A voforonno t-n F(g. ino will hIiois' liow Kh'iit Is lliti ilillVinHi o b, t \^< . u 
tlio pianot^s opjKisitioii ilistiuitK' froiii rim nirlli undor vniyiio; rhnniipjiiDi. > 


680 . Diamotor, Surface, and Volnmo, n|ipnivnt r 

the phuiot rangOB from iiL oonJinKUi^in, tn VJh”,(ln 1 n 
opposition. Its rcflf illmmdm’ 1 h very cloHidy mib'n, I bo mor 
may bo twenty iniloH ono way ov tlii^ ottmi'. 'I’liln nmhi'a muf/M 
0 . 28 , and its voliuno 0 .M 7 (e(|nal in )) <U‘Um rnrlli'K. 


681. Mass, Density, and Gravity. -•()hHi-n’(ifli>int n|.ujj i}u V 
lltoa glvG IbB niaHB aw liomjmiMd wlUi \]mi i»r i’jiDIk 'llh : 
makes its (hnm'ly 0.711 and tuqw.vjMal i/iunutt/ i\.:\H [ Dinf j-,, n \»fA\ 
which wGigliH m ponndH on Urn earth would liuvi* a wriKlH ut -Jt. 
pounds Oil fclio Burfaco ot iliii'H. 


682 , Phases. ^ Since klm orfiit of the plaimf. Ik tiiiiHiib* Hna nf il»- 
earth, it never (toiuoB luftwcon im and llie 

<iml cav ntufor tilttiw (hi\ nrurt ut ;r/,o/.r; hut ^vi 
quadralnro cnongh of tim nnillniMlnidnl 
Is hii'ned fowardrt tlm erirfh in niake the ih* y 
ckw}yffiMm/H h/co (hu mooti tinvi- oi fmir dny.. 

from rnlh Klg. I7( hIiows IIh 

uociinituly drawn to Htiuli*. 

fio. 174. 583,^ The Albedo "of tho Planet. - An-od 

GrealMi PhAw of Mata, ZdlIllOr*H ul>HOrvati()|IH | Ida \h ll/Jd, w jjb 

(l^ anri In . 1 U M tlmt >‘t (ft,. 

(•1)) and jiiat double timt of Wci'mu'y. 



<(84. Botfttion. — Tlio plunut’H llmu ,.f 
liiis TO 17 oxftot dotonnlnftliloii liuu boon ijmclo by 


In 2 !'' Jif*’ 

Ktilmr unit thik- 
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luiyxon, by oomiitiring drawings of the planet which were made more 
than 200 yoaVH ago by Iluygbcns with others made recently. 

I t i« obvioiiH that observations made a thw days or weeks apart will 
give tlic tiuio or rotation with only approximate accuracy. Knowing 
it tiliuH approximately) we can then determine, without fear of error, 
t.|u» Wtoh? of rotations between two observations separated by 

a iimcdi longer interval of time* This will give a second and closer 
Ht)pi'^»>^bnation to tiio true period ; and with tbis we can carry our 
reckoning over centuries, and thus 11 ii ally determine the period within 
a very minute fraction of a second. The number given is not uncer- 
tain by more than second, if so much. 

686, The Inclination of the Planet’s Eqi^jitor to the Plane of its 
Orbit, —Tiiis is very J\oarly 24° 50' (26° 21' to the cchphc), not very 
dlltorent from the inclination of the earth’s equator ; so far, therefore, 
iiH dopciulii upon that circumstance, its seasons should be substantially 
the Bainc ns our own. 


680, Polar Compression.— Tlicre is a slight but sensible flatten- 
ing of the at the polos. The earlier observers found for the 

pobir coiuproHsion values as large as and oven IhOvSe large 
vaUum, however, arc inconsistent with the existence of any extensive 
aurfuciu of litpiid upon tlio planet, and more recent observations 
<jf the w'l'ilcr show the polar compression to be about which is 
almost oxiu^tly what would be expected from a planet constituted as 
wui HUppoH(5 Mars to be. 


687. Tolesoopio Appearance and Surface-Markings. —The fact 
tluit wc uro able to determine tho time of rotation so accurately of 
couvhO implies tho existonco of iclcntiflable markings upon the sur- 
Face. Viewed throngli 
a powerful telescope, 
tlui plimct’s disc, as u 
■wlioUq is ruddy, — in 
fuel, ulniost rose color, 

- very bright around 
tlm limb, but not at tbo 
terinimitor/* if thoro is 
any considcmblo pliasc. 

TI»o cw.lnil portloiiB of „a,-n!iBh mtclies of shdcle, for the 

tlK) illao proHoiit greomHli uiul ^ , .. maiWugs have 

,„OKt part nob sharply clellncd, though some of the g 



F(G. nS. — TeJeacoplc Viowaof Mars. 



OttD MAHH. 

oiitllnofl loaRonably cliHUiKit. On wiUcliinf*; (hi) jklninM TMi* ipnly n (tw 
hours ovoii, tho markings paKs on imtohs (lin ilinis iniri nii^ »* phn i^i 
by others, Homo of thorn Jiro pmnainml, nmi nl rrgnhn mi- 

torvals with tho same form am! iippiairanro, whlir oflnnx a[*|rrnr f.i 
bo only clouds which for u thim vi^il thi^ rairfiu n ladow. nnil ih« u 
olonr away. 

By comparing dmwlngH inadn wlion l!m Haunt nidp {h fin nril fMUjUphj 
the earth, it is possiblo in a Hliort Hunt Ui inntrhdo whur fi jUniv i 
really belong to tlio })hinot'H goognijdiy. 

Tho polarMcc-onpH, brilliant wliilti jmtrIn'H mpiu* I ho pulr ^ Bam o 
marked feature in tli(> phmut'H toloHuitpio uppPiMiiMn*. I'lo i.i> jmm 1>, 
lIovQcl to bo ice-capH froui llio liutt tlnit Uio oint wliirli In iipmi rliK 
that happens to 1)0 turned lowarils Ihn Him rMnlliimilly iliniird^dji h hi 
slzo, while tho other incroasoH, the pro(* 0 Hn hpiiig iPVriMd alili Hi»’ 
seasons of tiio planet. 

688. The pHiuiiiwl iK-oiilliii'lty »r ,\|iuh ii|.)» iu.> 

bo the way in whidi Itiiul iiiui water lire iiileriiieelieit. .'. in l.i 

be few great ooeaiw iiiul eoiitineiits, Imt Mien- me iimr.,a iumin i.r th.. 
sea, like the ikitio and the Hei| Sen, |ieiii!|iii|.|iig mui jt.. 
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I'm. no.- H«liln|,nr..|||'» .M„,, „/ ,m„, 

tos! m;. 
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llio pliiHot. Scliinpnvolli, on the, otltor hand, has taken his names 
mostly from elassicat geography. Fig. 176 is a reduced copy of his 
map <if Uio planet, drawn on Mercator’s Projection. The student 
will ronu’iiilior that in maps of this sort the polar regions are ex- 
loutluil Ijcyoiul tliolr duo proportion, and also that the parts near the 
polos can never bo scon from the earth nearly as well ns those near 
tlu! lopiator, end honco that oiir knowledge of the details in that part 
of tins idanot is very limited. (See note to Art. 588, p. 347.) 


680. Atniosphevo. — At one time it was supposed that the atraos- 
pluu’o of tho planet is very dense, but more recent observations Jiave 
aliown that this cannot be tho case. Tlio probability is that its density 
i« consldisrnhly less than tlmt of onr own atmosphere. Dr. Huggins 
lias found with tiro spectroscope nnequlvocal evidence of the presence 
of atpieons vapor. Although the planet receives from the sunless 
tlmn half tho amount of lieat and light per unit of surface that the 
earth does, tlio climate appears, for some reason not yet discov- 
ered, to be much more mild than would he expected. So far as 
wn (tan judge, tho water on tho planet is never frozen except very 
near the polos. The earth, as soon from Mars, would present much 
more oxleuslvo snow-caps. 


600. Satellites. — 'rimre are two satellites, which were discovered 
In August, 1877, hy I’rofessor Hall at Washington with the then 
new HO-lncli telescope. They are exceedingly minute, and. can be 
Hc'cn only with tho most powerful instruments. The outer one, 
Dcluios, is at a distance of 14,600 miles from the centre of the 
planet, and has a pcviocl of 80" 18% while the inner 
is at a distance of only 5800 miles, and its mondi is but 7 89 
Imig, not ono-tliird of tho day of Mai-s. Owing to this fact it rises lu 
tlnMoe.it every night for the “MarWcoH” (if there are any people 
lluiru) luid sets in the «««<, after about r^". 

Doiinos does not do this; it rises in the east like 
Uh orbital eastward motion among tho stars is so nearly equal to its 
him mciSoii westward, that it is nearly 132 Honrs between wo 

'3L,„ w..,,*.. ri.i. i. ‘i.» '»“>■ ■>' ‘1"" :;r 

nndovgoos all its changes of phase four tunes in the «’teival. 

or course, both tho satellites arc frequently eclipsed, -the miiei 

other oil tho planet’s Biirface. 



m 




Their orbits appear to be exactly clroulHr, and they move nxanUy 
ill the plane of theplanct’^ ctjuator; and they /cer^j bo, imiintaiiUMl in 
their relation to the equator by tlie action of tlie equatorial bulp^o 
upon the planet. 


691. As givers of moonlight they do not amount to nnudi. Ulndr 
diameters are too sinuli to he measured with any inicronudor ; imi 
from their apparent mafpiituda'* (/.e,, brigbtnnsH), as nmni fvotu 
the earth, and assuming tlmt thoir snrfaees have tbo mimo yelU»f livo 
power as that of the planet, Professor Pickering Iiuh OHrunalml tlu' 
diaineter of Phobos, which is the larger one, as about Hovun iidle», 
and that of Dehnos, as five or six. The light given ))y Pbnbon to 
the inhabitants of Mars would be about iiu>onlig)jt ; that 

or Deimos about 

The period of Phobos is by far the siiorlieat period In tiio Holm* ayn* 
tern. Kext to it is that of Mimas, the inner HUtollito of 
which, however, ia nearly three limes os long, — 22 This mpid' 



views which hnci been held ,,n m n r o'* tl»’ 
the nebnkr hypotS il tl 1 T ‘ ^ 

or ft lengthening of the planet’s rlav' "f !!(!'« inn-iod, 

satellite came iL hell sire ^ !>'*''? Hi-o- tho 

existence of a satellite haviuo- n will not nceounl for Um 

J- i 'g. 177 IS a cbftgra,n of the satellite orhlis a« 
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•I'lIK ASTBHOIWa, OK MINOR PI^AKETS. 

Llu>y iipiit'urutl fnnn the cartli in 1888. It is retliieed from tht 
Aiiio.ritiiin Nmilical Alinauno for that year. 

TUB AS'l'KHOinS, OH MINOR PLAN15TS. 


1 608. Tlicsc arc a group of small planets circnlnliiig in the space 
betwKsen Mars ami .Tiipitcv. The name aslerokl” was suggested 
liy Sir William Ilorsclicl early in the century, when the first ones 
wto'c ilis(!ovorod. The later term planetoid is preferred by many. 

1 1 was very early noticed tliat lliero is a break in tlie series of the 
diHlumam of the planets from tlic sun. Keirler, indeed, at one time 
tiioiiglit he had discovered tlm true law’ and the real reason why the 
plnnets’ tliHlancos are what tlicy are. This theory of Ins was broached 
twenty-two years, however, before he discovered the liarmonie. law, 
and lie probalily aliandonud it wlicn he discovered the elliptical form 
of tlu! planets’ ovhils. At any rate, in later life he suggested that 
it was likely that liioro was a planet hetwoeu Mars and .Tnpiter too 
Hiimll to im seen. 

Tim imin-ession that such a planet e.\isted gained ground when 
Hodu publtslunb the law wliieh bears his name in 177-2, and it was 
Hlill furtlmv deepened wlum, nine years later, in 1781, Uranus was 
disci ivered, and llio distance of tlie new phinet was found to con- 
form lo node’s law. An association of twenty-four nstronomevs. 
mainly (lurman, was immediately formed to look lor the missing 
planet, who divided tlie zodiac between tliem and began the work. 


> liu Sin.liimwl l,uv was as follows : linnsiae the sun surrounded by a hollow 
snlmvlcal shell, on wlilch lies the orbit of tl.o earth. Insido of tins she 1 .nsmbe 
« (‘’'0 Iwonty-Bided regular solid), and within that .nser.he a 

sciHiiid Biiliere. Tills splicro will carry upon it tlw orbit of 
d o t Venus Inser be an eewfcdron (the eight-sided solid), and the sphere 
wlilch Ills within it will carry Mercury's orbit. J.’cxt, working outwards from he 
cavtU's ei'bll, eireamscribc around the earth’s spbeie n ' 
aerlbing nvoimil It auotiior sphere, and this will carry upon It tbe or i _ 

vi'ikiiiid iliu sulicro of Mars elroumscrlbe tlie [utrahe.dron, or the regu a py 

: r .riH. «.ci.l ro, r.,, » .I..t .1.. .1— « 

wHlv /net even os elosoly ^ for the fact that there [ 

ri.*^ular aolltls, 
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Siugiilai’l}' enough, however, the lirst disco vciy was made, not by a 
uioniber of this asaociatiou, but by Piazzi, the Sicilian i^Lrononicf of 
Paleiiiio, who was then engaged upon au extciiaivo Btm'-catal{)giic. 
On Jniniary 1, 1801, he observed a seven tli-inagiiitude stur which l)y 
the next evening had unquestionably moved, ami kept on moving, 
ITo observed it carefully for some six weeks’, when Im was taktni ill ; 
before bo recovered, it had passed on towards siiporlor coiijmictI<iii, 
and was lost In the rays of tlio siiif. Ho named it OerPH^ after tlu‘ 
tutelary goddess of Sicily. 

'When at length the news reachocl Germany in the hit tor part of Maroli 
it created a great excitement, and the problem now was to rodiscovni' blin 
lost planet, The association of plane H inn tors began the soaridi la Stqiloiii- 
ber, as soon as its elongation from tlie aun was great onongli to give iniy 
prospect of success. During the summer Gaiiag devised his now iiioiliod 
of computing a planetary orbit, and coiiiputod tlio oplunnorls of Its iiuUi. 
Ver>' soon after receiving his results, Damn Yon Zncli re(li.s(3oyov(‘(l Clon-s 
on Docomber 31, and Dr, Olhors on the next day, just ono year after it ^VUH 
first found by Piazzi. 


t603. In aiarcli, 1802, Dr. Gibers, who tn looking for (.lores luid 
enrefnlly examlnecUhe small stars in the eonstollutlon of Virgo, on 
going over the ground again, fonnd a second planet, wliieh ho iiiliulmI 
Pallas, a body of about the same brightness lus CoroH. 7W havliif? 
now been found, and Pallas having a very ecccutrlo and miioh IikjIIjujO 
01 nt, ho conceived the idea that they wore fragments of n lirokoii 
pallet, and timt other pin nets of the sumo group could probably bo 
fcniul by searching near the interseotion of their two orbits. Juno, 
the tinrd was discovered by Harding at Lillontlml {Sclirdtor^H 
” tim lafge.t niul brlghtosl of tlio »liolo 

SUltZlMr tT “k““ 'V 

onongl, for II, .“7“ ,8« 

>‘'H1 Since then iot a via - f T'° ^ liglit ; 

twenty to the number. The list from one to 

and ibere is ,,0 piospeot of climiniUlor hi°tlirrftto°°orV'^^ ’ 
though the new onee are most,, ver, smal,;i\r oMlmTSl 
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nnd IhlrU'onth mngnitiules, winch lequiie a huge telescope to nnue 
tIuMii cv(‘n visible. All the Inightev ones have evidently been aheaUy 
inc^hod up 

'I iie> luivo Ihsmi diseoveiotl by compaiahvoly a few obseiveia Foiii per- 
Hnim IniMi lonnd inoie than 20 each Palm, of Yieiina, 'who stands fai 
in ad\anf‘o of all otluus, lias alone discoveied 68, and Di Peteia of Clinton, 
N Y, 52, IaiUkm oE Dusseldoif, 21, and the late Piofe&soi IVatsoii, 22 
'rim (!(nnuiu astumoimns have tliw^ fai disco^med 102, the Auieiican, 78 , 
tho Meiiili, 00; ibo ICnglisli, 10, and the Italians, 16 


604 Method of Seal oh, — The asteiouMniiitei selects ceitaiii 
liOiUoiiH of the bIv), usually near the ecliptic, and piepaies chaits 
uovonng two or throe nqumc degiees, on which he sets down all the 
hUuh lUH toicBoopo will show. Tins is a \eiy liibouoiis opeiation, 
wluoh hi the fnturo is hkoly to be ver^ much facilitated by photog- 
riiphy. 'I'lui cluut once made, he goes ovei the giouiid fiom time 
to lime, compaung every object with the map and looking out foi 
iiileilopeis. I( he finds a slai which is not on \m chait, the jnob 
uinhifi IB that it is a plimet, though it maybe a 'laiiable stai which 
wiiH uiMHihle when the ohail was made He vciy soon settles the 
quostion, liowevor, l>y ineasunng ivith the niiciometei the distance of 
tliu new Htai fiom some of its neighbois, keeping up the piocess for 
on hour oi two If it is a planet, it will move peiceptibly in that 


Imigtii or tune 

( )f emurtti, un‘al oaie must be taken to bo sine that it is a new planet, and 
util mui o[ llio Iimlliludd ahoady Known aeneinlly it is possible to decide 
voiY tiuifllcly wUnli of tlw k''"Wii I'lanpls will be m the neigliboibood, aiu 
H-imiKli .•ominilal.ioii will ooininmily decide at onee whethei 
innv 111- lint Not always, liowcvci, and inistaKos in this legaid aie not v y 

uuuwuul 


'I’lK'Kf minor planots aic all named, the names being deiiyed from 
m^lholo^^yam1 legeiul. They aie also designated by inirabeis, and 
11 , , Hymhol for each planet ,s the nu.nbejM,'i.ttcn m a ouck ihns, 
fo,' ('eroH tlio symbol is (i) , for Hilda, (is) i and so on 

A full list of Ihoni, willi Uio elomonts of then oibits, is publislied yeaily 
II, the Annuiine du Bin can des Longitudes, Pans 

5ft6 Tlveiv Orbits —The mean distnnoe of the different asteioids 

Hpoiidinglr different. Hlediisa, i gl^oitest peiiod, 3^ 40“. 

tiuiou (2.13, or 138,000000 miles), and the shoitest i 
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Thule, C^), is the remotest, with a moiin cllstniicc of 4.30 oi*400,- 
OOQOOO miles, aiul ft period of 8^ According to Svodstrup, 

the moan distanco of the “mean asteroid” is 5^.G5 (24G, 000000 
luiles) , ftiid Its period about 4^ years. Its distaiico from the earth at 
time of opposition would be, of course, 1.65, or 153,000000 miles. 

The Inollnationa of their orbits average almut 8®; but Pallas, 0, 
has an inolinatiou of 85*^, and Eiiplirosyue, ® , of 26^°. 

Several of the orbits are extremely ecoeutrlo. jEtlira, (^, has 
ftii ftlniost cometary ccceutrleity of 0.38, and nine or ten others 
have GQCentr I cities exceeding 0,80. They are dlstrihntocl quite na- 
eqiiftUy in the rouge of distance, there being, as Kirkwood has 
pointed out, very few at aiioh distances that their j^orlods would bo 
exactly oojnmensurablo with that of Jupiter. 

59fl. Diameter and Surfaoe. — Yery little is kuown m to the real 
size of these bodies. The four first discovered, and a few of tlio 
newer ones, phow a minute but sensible disc In very powerful tolo- 
Bcopoa, Ye^ta, which is the brightest of the wliolo gi’oup, and is just 
visible to the naked eye when near opposition, may be from two luin- 
dred to four hundred miles in dianioter, Pickering, by photoinotrlo 
measurements (assuming tlio reflecting power of Uio i)lanot*s anrfaoo 
to be the same os that of Mars), finds a diameter of 319 miles. 
The other three of the original four are porliaps two-tliirds ns largo. 
As for tliQ rest, it Is hardly possible that any one of them can bo 
ns rntioh as 100 miles In diameter, and the smallest, such as are now 
being discovered in siioli niimboi^, are j^robably loss than ton miles 
through, — uothhig more than ** mountains broke loose,” The sur- 
face area of one of the smaller ones would hardly iiiako a large 
Western farm. 

607. Mass, Density, etc. — As to the individual maasoa and donsl- 
tiea WG have no certaiu knowledge. It is probable that tho density 
does not differ rauoh from tho density of the crust of tho oai’fch, or the 
mean density of Mars. If this Is so, tho mass of Vesta might pos- 
sibly bo ns great as 'jnrW earth. On euoh a planet 

the force of enperflolal gravity would bo about ^ to of gravity on 
the earth, and ft body projected from the surface witli a yoloolty of 
about 2000 feet fv second — that of an ordinary rlfie-ball — would 
fly off into space and never return to the planet, but would cir- 
culate around the bud as a planet ou Its own account. On tho 
smalleat asteroids, with a diameter of about ten miles, it would be 



Aa^RlflaATliS MASS. 343 

{[mlQ to throw ft stone from tlie Imiul with velocity enough to 

semi it olT into spnco^ 

698. Aggregate Maes* — Although we can only estimate very 
roughly the nniSHOS of the IiKllvUliml members of the flocic, it is pos*^ 
nil)lo to get Home more certain knowledge of their aggregate mass. 
Lnv(‘rrior from the motion of the line of apsides of the orbit of Mars 
dctiioiiHlrated that the whole ammint of matter thus distributed in the 
Hpftco hotween Mars and Jupiter cannot exceed about one-foiirth of 
tlU 5 muBH of the earth. This quantity of matter collected into a body 
of Uin Hftnui dennity as Mars would make a planet of about oOOO miles 
in dliiumter. 

'riio uniitnl masscjs of those whicli aro already known would make only a 
V» 4 'y sinull fraction of such a body. Up to August, 1880, the united bulk of 
thn usiorciidH Hum dlsoovorod was ostiniatecl at tVctu- earth’s bulk, 

with ft niasH probably about of the earth’s. Presumablj^ therefore, the 
imiuher of theso bodies remaining undiscovered is exceedingly great — to be 
uonnled by tliousamls, if not hy millions. Most of them, of course, must be 
nmnh Hiimlliu’ Uian ihose which aro already known. 


600. Forms, Variations of Brightness, and Atmosphere. —AVe 
havi? UR dodnitn knowUnlgo on tliis point, but Dr, Gibers observed 
ill I be tuiHO t>f Vostiv certain (luctnatious in hci’ brightness which 
K('<uuud to liiin to indicate that she is not a globe, but an angulai 
jjiiiHH,-— a spllntor of rock. This, however, is not confirmed by the 
nioni recent photo me trio observations of Hfiller or Pickering. 


Atm lor examined sevem of Um asteroids, and found their changes of bright* 
IK^HS very regular. Four of thorn, one of which is Vesta, behaved precisely 
lik(^ Miu'h, us if their mirfacos were comparatively smooth, while three others, 
<h?ivs and Pallas among thorn, behaved likotho moon and the planet Mer- 
uury, us if having a rough .surface with very little atmosphere, and nearly 
oloudl(*HH. Homo of tho oiirlier observers reported evidences of an ex em 
»^ivc I'.ulo armiud thorn. Later observations do not confirm it, and it is 
not )ik(dy that they curry mnoli air with them. 


600. Origin. — Witli respect to this we can only speoiiiate. Two 
vtoWH liiwu l.ccn Imia, ft8 has hoeu aU-eady intimated. One is, ti.at the 
uuaeriril, whleh accoi-ding to tho nebular hypothesis 

1„„,„ c.o,.c.nl,'.tal lo fo™ « I’"”' ''7 

1.111'ih lioloims has faiU'd to ho so collected, and hns foirocd a floe 
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matter wliicli at present forms the planete was onco distrlhiitot.1 In 
i'inga^ like the rings of Satiiru. If so, this iing next oiitsldo of Mui’h 
would uooosBttrlly suffer violent perturbation a ft’om tho nonrjioAH of 
tlie enormous planet Jupiter, and so would bo niidor very difforoiit 
conditions from any of the other rings. Tliis, as Polroo luie aliowii, 
might account for its breaking up into many frnginonts. 

Tlio other view ia that a planet about the size of Mara lins brokini 
to pieces, It ia true, aa has been often urged, that this theory In ita 
original form, ns presented by 01b ere, cannot be correct. No shii/lo 
explosion of a planet could give rise to tho present nssembbigo of 
orbits, nor la it possible that even the perturbations of Jupiter oouid 
have converted a set of orbits originally all crossing at one point 
(the point of explosion) into tho presont tangle. Tlio sniallor orbItH 
are so small that however turned about they Ho wholly ijisklo thu 
larger, and cannot be made to iutorseot thorn. If, Iiowovci', wo 
admit a series of explosions, this cliHlculty la roniuvod ; and If wo 
grant an oxplosiou at all, there seoma to bo noth tug Improbable in 
the hypothesis that the fragments formed by tho bursting of tlio 
parent mass would carry away within thomsGlvcfl tho eanio forcos iuul 
reactions wiilcli caused the original bursting ; ao that they tlioniHclvcH 
would be likely enough to explode at some time in tlioir later 
histoi*y» 

At present opinion ia divided between tboao two thoorlos, 


601. The mimbor of these bodies already known is ao groat, and tho 
pros^ct for the futui*o is ao iiidoflinte, that astrouomors arc at tliob’ wII k* 
end how to take care of this numerous family. To coinputo the orbit aud 
ephemens of one of these little rooks is more laborious (on aoooimfc of tho 
groat perturbations produced by Jupiter) than to do tho saiiio for one of tim 
major planets ; aud to keep track of auoli a minute body by obaorvation la 
ar more difficult. Until recently, the German Jnhrbuoh has boon pnbUflh- 

VMr-^LSr!l '■‘‘"8"“^ obflervatlL oudi 

lllrr T"? Fobablllty is that 

p.-oBc„t"somo voLrkui 


INTR.V MKnCURUL PLANETS AND THT! EODIAOAL LIGTI'I'. 

It 1b very probable, Indeed almost certain tl.nt . 

wiai. 
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602. Motion of tho Perihelion of Meroniy’s Orbit. — Levorrior, 
in 1859, from a discussion of all tho observed transits of Mercury, 
found that the perihelion of its orbit has a movement of nearly 38'^ 
a eentmy. Tliis is more than can be accounted for by tho action of 
the known planets, and, so far as Icnown^ conld bo explained only by 
tho attraction of a planet, or ring of small planets, revolving in side 
this orbit nearly in its plane, with a mass about half as groat n.s that 
of Mercury itself. 

Wo aay far as heoauso an altovuative hypothesis has boon 

proposed, vi'/.., that tho law of gravitation, tliougli strictly true for bodies at 
rest is not absolutely so for bodies in viotion; that when bodies are moving 
towards each other tlie attraction is less by a minute fraction than if they 
wove nt rest* Tho hypothesis is known as the electro-dynamic t?ieoyy of Qra\)i- 
iaiion^ but has at present very little to support it. If, however, it were true, 
thou tlio peculiar motion of tlio apsides of Mercury’s orbit would bo a 
necessary con sequence, 

♦ 

Subsequent investigations by a number of mntheinatieiana have 
fully confirmed Levorricr’s results; Mercury’s orbit is beyond ques- 
tion affoctod as It would be If there were an intra-Memirial planet, 
or a number of them. 

603, Dr, Lesoarbault’s Observation j Vuloan, — A certain country 
physician, living some eighty miles from Paris, }h\ LoscarbauU, on Iho pub- 
lication of Lovovrief’s result, announced that ho had aotually soon this planet 
crossing tho sun nine months before, on the 20 th of March of that year, 
1851). Ho was visited by Lovorrier, who became satisflod. of tho gonuinoneaa 
of his observations, and tho doctor was duly congTatulatod and houorod ns 
tho discoverer of “Vulcan,” wliich name was assigned to the supposed now- 
planet. An intoresting account of the matter may bo found in Ch ambers’ 
“Descriptive Astronomy”; and in many of the works luiblished from twenty 
to twonty-ilvo years ago, as well as in soino more vGcoiit ones, “Vulcan” is 
assigned a place in the solar Bystom, with a distance of about 13,000000 
miles and a period of 10 4 - days. Lescarbaulfc described it ns having an 
apparent diameter of about 7”, which would inako it over 2600 nillos in 
diiimoior, 


604. Novortholoss, it is nearly covfcaiii that Vuloan (loos not exifit. 
There are various opinions which wo need not hero discuss as to tho ex- 
planation of this pseudo-discovory. But tho planet, If veal, ought since 
1850 to have been visible on tho film’s face at certain definite times which 
Lovorrier calculated and published; and it has never been Been, tlioiigh 
very oarofully looked for. Small, round, dark objects have from time to 
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lime beeii indeed rapoi'tcd on tlio eiiii's disc, wJiloli in Uio nidiiloii of thn 
observers at the time wo not ami spots; but monk of tlinao oIisorvaldoiiH 
were made by nniatoiu’s witli ooinpnratively JitUo oxiHiruiiico, with niiiiiII 
telesoopea, and witli no incnsiu’ing appni'atna by wliioli tlniy could ciiHaiiily 
determine whether or not tho spot soon moved Jiko iv phiiuit. Tii iiniat of 
these cases pliotographs or simultaneous obanrvntiuna miulii (dstiwlmru liy 
astronomers of established reputation, and having ndoqmiU! appiiraliiH, Imvo 
proved that the problematioal “dots” womb really nothing' but ordiiiiirv 
small smi spots, and th§ probability is that thosanio axplnimthui aiipliuH kn 
the rest. 


006. Eclipse Observations. — A plniiot largo' enough to bo hooii 
disliuefcly on the suu by n 2 ^-incli telescope, huoIi mh JjoHuarlmiilt 
used, would be a conspicuous objoofc ut the tiino of n solar eulljwi), 
and most cni'eful senrcli has been lundo for tlio |)laiiut on }Bii(!h owm,-* 
sions ; but 80 far, nitlioiigb siara of the third anti foiirtli nnigiiitiKloB, 
and even of Ibe fifth, have been clearly seen by the olwervers iviklifn 
a few degrees of the eclipsed sun, no planet hoe hoeii fomul. 


One apparent exception ocouvred in 1878. During tho celliwo of timt 
year, Professor lyatson observed two starliko objoots (of thofoiirUi iinigiil- 
tilde), which he thought at the tinio could not be idoiitillud witli any Iniowii 
stars cons .stently with his ob.soiTations. Mr. Swift, also, at ll.o Hanm nnllpao, 
reported the observations of two bright imhits very noar llio siu, ; but llniHO 
from his statement could not (both) have boon idoiilical with WitHoli’H slavn. 
Later invest, gafious of Dr. Potom have shown that tho aasumptlon of a 
veiy small and very likely error in Professor Wntson-s olrolmrandlnga 
(whioh were got in a very ingenious, but rather rough way, wltliout tlio 
use of graduations) would oiiable his stars to bo Idontifled witli 0 nml t 
Caiicri, and it is almost certain that these wore th'o stnrrim miw. 

Swift 8 observations remain imexplainod, Wifh /i n 

h.V« » »ug,.k, f I’,'"' """I'' 

» 1 |« .™m 1 , "r '"‘r "fy 

or during a solar oolijjse, ^ soivntlon, oithor at a traiiBit 
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607 . Zodiacal light, --'niis is a faiht, soft beam of light tliat extends 
both 'Ways from tlio siui along tlio ecliptic. Iii tho evening it is best seen 
in Kidivnary, !March, and April, because the portion of the ecliptic which 
Hoh (nnst of the sun’s place is tlioii most nearly perpendicular to the ^Ye8tern 
Inn'i/.nn. Ihning tlie autumnal raonths tho zodiacal light is best seen in 
(ho inorning aky for a niniilar reason, Tii onr latitudes it can seldom bo 
tracud luovo limn 0(P or 100° from the siin j but at high elevations ^Yithm 
11 m tropics it is said to oxtond entirely across tho sky, forming a complete 
rlng> and llion^ is wild to ho in it at tho point exactly opposite to the sun a 
pa I oh a fow degreos in diameter of slightly brighter luminosity, called the 

({(‘gcnHolioiii or counter-glow,” 

'.rho portions of this object near tho sun are reasonably bright, and even 
eonspumous at tlio proper seasons of tho year; but tlie more distant portions 
in tho neighborhood of the « counter-glow” are so extremely faint that it is 
only poHsiblo to obaorvo them at a distance from cities and large towns, in 
phim>s wlnn'ti tbo air is free from smoke, and where the darkness of the sky 
is not affoetoil by thogonoval illumination due to gas and electric lights. 


« 


608. 'ri\o catiso of tho phonomonon is not certainly known, but at pres- 
ent^' lb (5 theory most generally accepted attributes it to sunlight rejlecled by 
rnffriaih of small meMiono bodies winch are revolving avouiid the sun nearly in 
l.lin pltLiuj of tho oolipUc, forming a thin, flat sheet like one of Saturn’s rings, 
and oxtoudhig far beyond the orbit of tho earth. It may be that the denser 
pordnn of this inotoorio ring within the orbit of Mercury is the cause of the 
nicd.jon of tlm perihelion of that planet which Leverrier detected; it is for 
this rnuHon that wo deal with the subject here rather than in connection with 
niotoors. Wbilo this theory, liowovor, is at present more generally accepted 
iluui uny idbm*, it ounnob be said to be ostablishecl. Some are disposed to 
nnnsi<lor tbo zodiaoal light as a more extension of the sun's corona, whatever 


hut may bo, 

808*. (Note to Art. 688.) The Canals of Mars.-Accordh^ to 
(and Im observations avo at least partially eonfirmed by others) 
oharLloristio feature of the planets surface rs 
lyaiirhi narrow “canals” conneeting the larger bodies of natei, riiese 
2 worn nrst scon a«d vccogni.ed in 1877. In 1881 they were seen again 
2 ItXt Unio nearly all of them double. If there is not some fallacy in 

.! ^ . 1 4K110 awl 1802 luwo placed the existence of the so-called 

C" "n», 
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CHAPTER XV. 

THE PL.UfBTS CONTINUED. — THE MAJOIl PLANETS: JUPITEU, 
SATDilN, DBANUS, AND NEFTUNK. 

JUPITER. 

609. While this planet ib not bo bi-lllliint as Voinia at her best, 
it fitaucla next to her in this respect, being on the average ab(JUt llvo 
tiracB brighter than Sirius, the brightest of the lixed still’s. Jnpilor, 
TUorGOYcrj being a “superior*’ planet, is not coniiiiod, lilcc Vomis, 
to the neighborhood of the siiu, but at tUo time of oppOHitloii Is tbo 
chief orimmeut of the midniglit sky. 

610. Orbit. — The orbit presonts no miirkod pecnliarittos. Tlio 
wean distance of the planet fl’om tho sun is 48fl,00Q/)()0 miles, Tlio 
eccentricity ot the orbit being nearly (0,04826) ; the greatest and 
least distances vary by about 21 ,000,000 iniloa each way, making 
the planet’s greatest and least distances from tho huh 604,000000 
and 462,OOOjOOO miles respectively, TI\g average distance of tho • 
planet from the earth at oppoBibiou is 800,000000, wlillo at oonjuuc- 
tion it is 676,000000 miles, Tho minimum opposition distance 1 h 
only 869,000000, which is obtained when tlio opposition oociirs about 
October 6, Jupiter being in pciiholion when its lioliooonfcrhj longi- 
tude is about 12'*. At an aphelion opposition (in April) the dlntaiico 
is 42,000000 miles greater;, thatls, 411,000000. 

The relative bngbtnoss of Jupiter at an average conjunction and 
at the nearest and most roinoto oppositions is rospoetlvoly ns tlio 
numbers 10, 27, and 18. The avorago briglitnesB at oppositloji Ih,* 
therefore, more than double that at conjuncitloiT; and at an Cctobor 
opposition tho pin net is JlCty per cent brighter than at an April one. 
The differouces are considerablQ, but far Igbb iinportan!;.tlian in tho 
case of Mars, Yeinis, and Mercury. 

The inclination of the orbit to tho collptic Is Biimll, — only T** 10 T 

811. Period. — Tho eidereal j^eriod is 11,86 yeare, and tlio flynodic 
is 8D9 days (a number easily reinombercd) , a Httlo inoro than a your 
and a montli. The planet’s orbital velocity is about eight in lies a 
soeoiid. 
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(112. DiiuoUBiona. -- 77k( iilaMl’ii uppariint (Kawieief' vnries from 
fil)*' »l uii ojuioHiiieHi (or 15, y' at an April ono) to 32" at 

t'liiijiiiii’liou. 'riiii form, liowovrr, of tho plivnefc’H ciiac ia not truly 
I'iiriihir, llir polar tliiuiiclrr iiluuil ,1^ part less than the equa- 

torial, no dial, tint ay«t iiolieita Uie oval form at oiicc. The equa- 
torial liimiuilrr in wuVr.s ia HH,2()0, lire polar luting 83,000. Its mean* 

illaiiti (or, llu-rofont, i« Hi;, 500, nlimist eleven times that of the 

rartli. 

Thin iimlic.M ilH MiirfiKtn llO lluutH, and its volume 1800 times, that 
of tint rmth. It is liy far the largest of tlio planets in the system; 
in fuel , whiiilier wti regard its hulk or its uinss, larger than all the rest 
pill logi'lliitr. 


013. MtUW, Donaity, oto. — Its mm Is very ueeuratoly known, 
holh hy llm motions of Us HalitllUea, and the perturbations of the 
imli-ioidM. It Is of lint sun’s mass, or very nearly 810 times 
thill of llm I'lU lli, ('c)Hnmring this with its volume, we find its densUy 
o.o-l, h'SH thnn lint tlitnsily of the earth, and almost precisely the 
satim ns llial of Ihu sim. Us mean mtjmrjlnial firuvii!) comes out 2.04 
limes llml of llm rurlh | that is, a hody on Jniriter woukl weigh 2^ 
tiiims us imri'li im uimii the surface of Urn earth ; Imt on account of 
llm nniid rotation of Urn phniel and its elliptielty there Is iv very con- 
hldi'inlilc diU’erenee helweeii tlu) force of gravity at the equator and 
at, the pole, uuimmUng In H of the equatorial gravity. (On the earth 
dm illflVicnce is only 


OH. Plmnoa and Alhodo. — Us orliit is so much larger thnu that 
of llm enrlli dial dm iilaiiet sliows tto aensiblo phases, oven ntquadnv- 
turc, though at duit tiuiii tim edge farthest from the sun shows a 
lillulit darhciilug. 

*riie relhs'llng iinwer, or Alhailo, of Hio plftuets snrfaeo is very 
hlgi,,. 11.02 m-eorilUig to Ziniiicr, that of white paper being oniy 
II 7h Tim foiitre of the diso of this planet (and the same is also 
u'.m of Halurn) is eoimlderahly hrightnr than the limb — jnst the 
vi-vuvse, US will hn reumiuhered. Com Urn comlltiou of things upon 
llm muon, and upon Mars, Venun, and Mercuiy. ’ ® 'T,!/ 

of a darkened limb, in whinli .Itipiter rosemhloH the emi, has sng- 


' ’I'lie uu'iiii ilhuiieler of an iihliUo Kphevoltl is • • net 


a *i- 


Of tlic three 


a.,., »ynm.|.try which enma at ri«hl aiiBlcs at the phuiof, centre, i. the 
aj,l» Ilf roimlmi. «ml holh die lUherH are enuatoiial. 
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gestecl tbo idea that it ia to aoino oxlHMit self-luminous * I’liiH, liow- 
evor, is not a neeoHBiiry coiiHcquoiioo, hh a nearly (.mnHpiirniit iirMniji- 
pliere overlying a uniformly rolku^tlng snrfaoo would piodurn Iho 
same effect. 

Tlio light which the planet cmItH, If It eniltrt any, niiml; ho vi iy 
feeble aa oomparod with Hinco.the HiLUtllllcK, when lliov nro 

eollpeed by outoring the slmcloW) boooinu totnlly InvlHihlo. 

615. Axial notation. — Tlio plamtb roiatOH on lla nxia Lii {tUuul 
9'‘ 55"^. The Jimo cun be given only uppr*>xliimtely^ not lioiMumo 
it is difllonlt to find ami observe <1lslinet lumlcIngM lui tlie pliond'ti 
(llfio, but simply booauso (IKToreiifc rohiilU are (»bhiliioil IVoin dllhn - 
out spots, according lo Iholr nature and I heir diKi iuiee rnuii lln* 
planet’s equator, Speaking generally, spoln iu‘Jir the e(|Uiihu' 
cate a shorter (lay than those In higher lallliideH, and eiM lalii mimuM, 
sharply doniiocl, bright, wtiUn spots, math as are (jfl.eii Heen, ^lv(‘ 
quicker rotation than the dark juarlclngs in I lie sjune lalll.iitli^. 

For iiistaaGo, a white ehser veil near tluH‘i|Ufd nr In l.HHfl for nr^vrinl 
months gives 50*^ wliile aaetliar am unar liiLiUah^ Uo'’ jpvvo 
56^^ ]2*. The groat rod HiH>t liiiM given vidiu's lanning IVeai 

84«.0 (in 1870) to 0“ *“)*> 40<.7 (In LSM(l), . ^ Llm Mi mini inn m 

detevniined in oaoli ca«o, iieing certainly aeeande willdn liati a Si’emiri. 
The progressive incrouBO has been regular and iinniiHluhahle. and U n.ii 
(lae to any iwssible iinoortaiaty in jJie iilwurvulliiiiH, 

016. The Axis of notation ami tho Sooaona. Tho plane nf fhe 
equator is Inclined only !)" lo that of the orbit, so dial ns far us Ibe 
0U11 is couoGi'iiod tiioro can lie uo seaiHoiiH. H’lia bout and lipjhl 
received from tho sun by Jupiter are, liowi^ver, only a I unit im 

intense as llio solar radiation at the carih, IIh dlsfanen b.diig':..:! 
times ns grout. 


617 . Telesooplo Appearanoe. •— Kvun hi ii-Hiimll fhi 

planet Is a boautifnl object. AVlieu iimiv o|.|«.Hitl,m ,i 
power of only 40 mnkoH Its apparent elr.ii eipml to lliiil. itf ilu- ’fnl 
moon (tliongb, as romiirkod in coniuiutlini wilh VeiiiiH, im tn.vlv. 
would receive that Impression), and w-!Ui a lehiHrupi- »r H or |i> Im-ltr) 
aperture, and wtlli a magnifying power of (UK) m- ,hhi, ihe .Uhi- |, 
covered with an inflnltc variety of heimtlfnl and InlaruHlIng 

' «y" I" aoiiHcpM.in.a uf (t„ 

reds prodomlnatr ”*'i I’liili lit oohir, alwti, Iiiowhh mul 

piodomhmtiug, in contrast with olIvcgrcmiH ai«l o,TnKio,M.| 
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lull, to bring ont the coIoimvcH and cloaily leqimes laige 
instumicnts. For the most part the maikings me aiianged m stieaks 
iiioio oi loHs paiallol to the planet’s oqnatoi, as shown by Fig 178 
\Vith a small teleseopo the mai kings usually icducc to two daik and 
uompaiativcly well-defined belts, one on each side of the equatoi, 
oceiipying about tlie same legions of latitude that the tiade-wind 
/mum do upon the earth , and vciy Idcoly in Jiipitoi’s case similni 
aeriiil cuiienls have something to do with the appeal ance, tliough 
upon Jupitin, ns lias been aliendv said, the solai heat is a rompaia- 



Ki« 178»--1’«leflcoplo Vlow« of Jii pUoi 


iiniiniJoiUintj fucior Tho imuMngs upon the planet aie almost, 
if not entuol 3 , utmoHjfheik^ as is piovecl hy the mannei’ in winch 
they c'liango iholr slinpes iiiul lolativc positions Tliey are cloud 
It IS hiiullv probable that wo ovci see anything upon the 
Hdlnl fiiuifaeo of the planet iiiuleviioaUi, nor is it even ceitaiii that 
ibo pUiuot has anything hoIkI about it In Fig 178, the upper 
b'ft-luind ligmo is fioiu a diawing by Tiouvelot made in Febiuai^, 
l^<72 ; the Hoeond is liy in J880 The small ono below lepie- 

HtsilH the planet us soon in a small loloscopo. 

018. The Great Hod Spot — > While most of the maildngs on the 
[)liiuut uie evaiioHeent, it is not so with all, There aie some which 
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lU’o al Uuwli *‘Hu]>ponnunonl;,” uiul ronUtmn lor yiMUK, not willmut 
nluingo indfttul, Init with only nligiit olninp^nM. Tlui rnd n|fo! ’ 

in tlio inoHt ronuir]vjil>lo uiHUinoo HO far. ItmannH to inivt* Inani llivd. 
olmorvtMl l)y rrol’. d. W. rril<slioU of ({Iuh^jow, Mimaanl, In .Inly, 
1878, HH u palo, i>inlviH!i» oval Hpoli Hnnia 18'^ in hni^'Jh hy !1" in 
width (30^000 iniloH liy 7000). WUliiii a IW nanOlis it Inul Ikmui 
noliood by ii conHi(liiral>1o numlun* of ollnu* (OmarvaiH* lhnn|j»lj ul tlrHl 
it did not altriKffc any Hpooiiil nUindion, ainrn no onn t!ion^*ht of it an 
likcdy to ])« imrnmnanL 'V\w naxti your, liowi^vm’j It wum by far thn 
inoHt nonKplunoiiH objat^t on liio planoL It was a (di'ur, idunij'; 
brick-rod color, with a length fully ono-tliinl tln^ of (Im 

planet ami a width about oiu! biurth of Its length* 

1*W two or tlu’fio yoavM it. rmmihuul without luuoh i‘)unine : in inno s:t 
it ^o’adually faded outi in 1885 it hud biaioine a pinUiMh oval r;iiy, flin 
coutral part beiag ajiparontly oifenph'd wilii a whit a akaid, hi insrl it wan 
again a iittlo Htronger’in eolnr, and ilto aiiine in 1887,* an o)d'*id not dilli 


I JJ 
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Fia. 170, — Juplior*!! ‘‘Uod Bjjui,** From Oriiwlnuft l>y Mr. Jiiinnlit);, h \, 

milt to Hoo with a largo (.oloHoopo, but tlm uioroafc glamt of wbat it \va?< in 
1880, The in’osont year (1888) itrt appmmiiieo \h alnmt Ihn hmm* tin in IHS’/, 
— porliiipH a Httlo i>iilor. Daring tbo ton yoara ils form and mi* bavo vai Ire) 
very lil^tlo, It Hoh at thoHouUieni odgo of thosnulliorn I'cjiialMiial in lull 
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tuili! iil»)uli iiiul loi some iPiison llio lioU seems to be “ iiotthcd out” foi 
jl, HO lliul llu'io bus 1)0(11 nhvav't ■(. ii<«io\v white stieak sopaiatiiij; ttie belt 
fi 1)111 the Hjiot lilvon wliou the spot was pivlest and haid to see its place was 
nlwnys ('videut at once Jiom the indentation in the outline ot the belt 

Siu'li phcmnnoiiu suggest abundiint inattei loi speculation which would 
ho (lilt of phne lusic It must suflico to say that no satisfactoiy exidauntion 
(d Urn phimomenu lias yol been piesentod The unquestionable fact befoio 
nioiilnmed (Ail Hlo), that the lime ol lolatioii ot the spot has elianged by 
iiioio lliau fi' 111 tlio t(‘n yeais, gioally complit.vtes the subject Fig 171), 
lioni tho (hiiwinj^s ol Mi. Denning, lepiesents the appeaiance ot the spot at 
fmil diffeiont ihiLos, vi/ , 1, 1880, Nov 19) 'J, 1882, Oct 30, 3, 1881, Feb 
11, 1, 1885, Feb. 2.1 


619. Toniperature and Physical Constitution —The lapidity of 
the olniniti’S upon the visible suiJneo Implies the expendituie ot a con- 
Hiiloiahlo iimminL of hoal, and since tho heat leccivcd tiom the sun is 
loo Hiniill to account foi tho phenomena which we sec, Zolluei, thiitj 
yciuH ago, migfjoblPtl tlmt it must come fiom witlim the planet, and 
llmt In nil piolialiihty Jupilci is at a tcmpoiaUuc not much shoit of 
iiu'iuidesccncc, — — haidly yet solidiflod to any considerable extent 
Mr. Proctor Imw gi\ou special cinicncy to those views among English 
louders. 'I'lio idea that Jupitei might bo such n “ somi-suii ” is not 
at all new. Hullon, Kant, Nasmjtli, and Bond all eiiteitained and 
iliHCUHHi'd it) Imt it IS only since the investigations of Zollnei that it 
lian become an accepted item of scientific belief. (See Cloike s 
o llislory of AHtionomy,” p filiH seqq ) 


630 AtmoBpliere. As to the composiUoii of llie planet’s atmos- 
liheiu, Ihe spectioscopo gives us rotliorsiirpiismgly little mfoimatioii 
We get I'lom Llic planet a good solai spcctium with tho solar lines 
well nmiKed, But theie <uo no troll defined absorption bands due to 
Iho aetlon of tlio planet’s atmosphcie. ’I’lieio me, howcvei, some 
shmlium ill the lower icd poition of tho spectrum that aie piohablj 
thus eaitsed 'Tbo light, for the most pail, seems to come fiom the 
uppoi Hiirfneo of tho planet’s envelope of clouds without having 

poiioliated to tiny depth ^ 

1 621. Satellito System, -Jupiloi has fom satellites, -the first 
heavenly hodicB ovei ed - the Hist lovclation of Galileo s 

teU'Hcoiio Ilia earliest obsoivation ot them was on Jan 7, 1610, 
und in a veiv wceka ho had ascertained their tine oliaiactei, and 

.lolermlned Ihoii- pcilods with an aeeiiracy tthieh is smpiismg when 

wo consider his moans of obsoivation The number of the heavenly 


854 


tiuriTiwii. 


lK)dicR wart ikmy no lonp;in' Mirr’jj, and din ill'^ruviM V o\i ifrd inniMn; 
dmmlniUMi and Hchoolnuni a i^^iviit, dnal oT aii],o;v iin inlnliiy and 
vltiipomtioih (jalilno nillrd tlinm “ llin Mialiriaui a|in:i.'* 

Tlioy aro now iiHiially Icnown an llin llrsf,, maannl, rin,, in Mm Htdi i id 
cllHlaiuio from tim prinuiry^ Iml; llitiy alnn liavn nuimvi wliii h nii< / 
thmm iiHod ; viz., lo, Kin'o[iji» ( laiiynii'ilp, and (“nlliaii*. 'I’ln lr n lji- 
tivo diBtunmm nui^a holwmm anti Ijiiddind iiil|i<Mt In In*: v* i v 

appi'oximalitly (>, (I, 15, hihI '2i\ railil nT fim jilamo, Tlin illMinin nf 
tlio flrnt from dm mirfacn of dm idaiml, la idinuMl i^xarlly \Ur aimi*' aa 
that of onr own moon fruin Um Kiirrmai of dm I'lO'lln d'Indr iihli ii id 
pcrioda miigo Imlwann I'’ IM.d‘ luid ll»'‘ llJy' (urf’imitn vitlm ii in 
distnimcH tuul pnriodK imi givmi In llm iii)»ln in I In* A[»[ii'ihII\) . Tin* 
orblt« aro almost uximtly olmnlar, and \W in tJm |ihnm tpf llm idoiM’i'a 
oiiimtor. 

Tlio Hrttallil.as sligiilly lilstinh nmli ndii'r'a HiiiU>«nv. ami (litni 
dlBLuvbimaas llaiir iims.si'H min he iisin'rlaiinal III (nni'i m| Mio 
Th« llilhl, whh:h is nmoli Min largasl, Ima u uuyn mI . dm 

planat’H, u lltila niora llnui ihnilili' lln' inii^n nf niir lani hhimm, iii.r.:i 

of dm llrst Hiiiiiniln ajjpi'ui'rt in Im a IlMla In-n Ilian \ a > inmdn 'Up* ■; < 
is Homowlmfc largm' (him Um IIi'hI, ami llm I'mnUi U nl.iint ImU a i ho,-.. dpi 

third; nc., it lias iihmiL dm iiiimH of mir •ivvn iini>m, ’l lo’ di inoPir - dp 

first and foiirdi apinmr In hn mil. vary dllfarpnt, rnmi dial .d nn’plmu.^ ii .^ H. 
whila llm ilmisitias of dm mimiiid aiid llilrd ant mnn.idmald.v 


622 ► Relation botwoou Moan Motions and IiOPiHTilutlmp of ilm 
SatellitoB. — In uf Mm'Ii' timl.iml liili.iiicltnu u 1 . 1 ,Mn.i 

(diHcovwniniy La I’liiiiii) uxIhIh lliti nii.iiu utohiiiin i<f ilii. IL iIdi u 

Riitollit<iH, 'rill iiKilioii Ih Ilf |.imi'Ho !imi" illvlilnl l.v 7’ ( T I-. i*o; 

HtitolUto'd iwvloil). [(; iii>iioni'H Mini, Um iimiiii n„, ij,,., ,.1,,. 

tho nioau million iiC Um Milra |•||I|||||« ilnyn i;,,,,.,, |i,„| „r 


A ftlmllar folalioii lioltla fm' llimr liiii^itinlnHt 




1H||0; 


60 that tliny cannot all tlir.m ,,o.,m Inh. o,.,,nni,i.n. n.nj,.,m.|i.,i ,p,|. ,)„ 

a!Z loT' r, "!^‘r .mil 

att^r^tlo iH. nxiwiln fn Mm l.in^ Mmnt.|. Mmm 

produced hyU.o foniMimiM^ 'I f”' 

short porloilB. Tho fourth daMllln .Ioch mil imnm Int.i niiv mi. h i.n cum', 
in 0n ti " ‘ 
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623, I)iain6tois, oto — T'lm diamotoi oi tlm Insb s,itol!ilo is a httlo 
moio than *2100 inilos; tho hocoiuI is almost cwUy tho si/o of oui own 
moon, t e , boLweou 2100 and 2200 miles , uud the llin d and foiuLli liavo dinin 
oteis, lospeolivoly, of dOOO and ilOOO miles, Iho ihnd, Cianymede, being mncli 
laigoi than oithm of Ins sistcis V/hon Jupiiei is in opposition, Uio fomth 
salelhlo is Rome times insuly 10 away fioin iho planot, oi \ of iho moDn’a 
diamotei , and in veiy clcai an can ho soon by a sliarpoyo without telescopic 
aid The ilmd, though nuich laigei, imvoi goes iiioio than 0' fioin the 
planet, and it is poihups doubtful wlietliei it is evoi seen witli llio naked cyo, 
imlcbs hen the fomth happens to ho close hesulo it A good opoia glass 
will easily sliow them all as mmuio pomtb of light 

624 Brightness - — bmeo tho sunliqlit of Jupitei is only -jV in- 
tense us ouis, the mooiiliglit nuido by the saiolliie» is decidedly infouoi to 
ouv own, although thou lefleciivo powoi appeals to bo highoi blian that of 
the hunu siufaoo. They diflci among Ihomsolves consuloiably in Uur 
lospoet 'I’he foiutli saielhle is of au especially dark coiuploxion, so that 
lb often looks poiieetly lilack when it passes between us and iho planet, and 
is piojeclod on the disc Tho othms, undoi simihu cncumslancos, show 
light 01 daik aceoidiug as they liavo a daik oi light poition of the planet 
foi a backgioiiud, Kvon tlmfouitli, wlien ciossmg tho disc, is always seen 
luigiit while \eiy iioai tlie planet’s limb 

626 Markings upon the Satellites, -n- 'rUo sulolliLes sliow sansiblo 
discs when vlo\^o(l with a laigo telescope, and all of tUoui but tlio second 
Roinotimos show daik maikings upon the suiface, Those mailangfi, howcvoi, 
aio only visible undei tho most favouiblo oneumstaiices, and it has not been 
possible to doiennmo wln'lliei they ai o atniosphonc oi loally geogi aphicnl, iior 
has it yet heon possible to deduce fiom them the satellitoH^ pel lodw of loiaiion, 

620. Variability, — (hddi'o noiiei‘d vauationii in the bughtnesR ol llio 
siilolhtes at dilloicnt times, and siibsoipient obseneifl liavu coidliuiGd liis 
icsult. Tn the case of tho fouith Hatellilo tlioio seems to be a legulai 
vaiiatiou depending upon tho place of tho satollilo in its oibit, and RUggcfth 
mg that in its a\ml loialion it liehaves like oiu own moon, lamping ahMiya 
tho flame side ne^t its piimaiy In adiliiion it shows othei uief/ular chmigefl 
m its luminosity so also do the other ftnlellites accouling (o uimily all 
aufchoiities, thougli it is singulni that one or two of tho best obseivciH do not 
find any Huoh inegulaiitv ludicatod by thoii iiistiumontan photouioluo 
ohsorvatioiifl, 

/[A 027, Eolipfles and Transitfl, — Tho eiiUdlitos’ orlntn mo bo nearly 

in the piano of tlie planol’n oihit that, excepting Urn ToinTh, they all 
pass tlnough tho shadow of tho planot, and BUffei colipHC at oveiy 


1 (Jkike’fl " History of Aalioiimuy,’' p 1339, 
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revolution. At oo,.JunuLion, uIh... (huy <-us., 

ijlanot, und tliwc hIircIowb (uiu ctwily h,^ uruii in In ' > ” 

black dota on tlic iilftiiot'u iliw, llui mili'llili'n (lu-inut- " 

the disc ftboiit tlio fiuino tliius iKdii^Miiurh imiriMlilll*'' 

The fonrih satellite csciipoH wlijiHU wlii'u .liniilrr in Im |•<nl i- »i>" > 

of ite orbit. Tliiis, ilurliiK IHHH mid in Mto lli'.d Imll’ -J l lb. 
m'o no oclipscB of CalHsto at all. 

Exactly at opiioaition nr cniijimidinii llm i.!tin..('r. . b -l-.v. l,. . 
sU’alght behind it ont of our slglit, so (lint wn "•<" '’<n. 



observe the eollpBes of tlm KaludllUmj liiif. only 

the disc. Before and aftor thiise LlniuHi limvnvri\ llit^ KL‘nl-«vi ii» i 
one side of tlio plaiiob. 

When the planet in nfc (|uu(lniliim iiiid (hi! niuilithin 
ia as represented in Fig. IHO (whleli in drawn In m-nli')* -hridMiv 
^)rojGct8 so far to oiio Hide of tlio piaimt that ihit % rlipuM 

all the BatolUtcs, oxcopt llin llrst, takas iilm-n ali.|ir nf iIh’ idmi. f’ . 
diao, both the dinnppouruncn and raaiipaai’iiiica itf ib.‘ 
being vialble. 

638. n Equation of light." -Tim inonl lnii«.iUi.t tta.i Ina, 

heenmndoof those oolipaas Uim lionn to asaaidilii ||ir H,,,,. 
by light hi traversing the distance hotwimii ns un.l ih,, .,„n, il„. 
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called “ equation of hglU U was in lG7o that Uoemei, the Danish 
asUonomei (the invcntoi of the liansib insliiimont, mondian civclC) 
and pnine orlieal uiHUumcut, — ii man neiuly a ccMiiiuy in advance of 
his day) , found that the eclipses of the satellites showed a pccnlmv 
vaimtion in thelL tnnes of occiuiencO) which ho explained as duo to 
the time taken by li«ht to pass tluough space IIis bold and ouginal 
suggobium was lejeetcd by most astiouoinois foi iiioie than fifty 
yoaiSj — until long alter ]ns death, — >when Ikadley’s dmcoveiy of 
a1)eiL’ation (Ait 22^) pioved the eoueotiiess of his yig^\s 

820 If the planet and earth remained at an invaiiablo distance 
the Golipbcs of the BatcUitcs would lecuv with unvaiying icgiiUmty 
(thou dibUubances being veiy slight) , and the moan inLeival could 
bo deleimined) and thu times tabulated But if we thus predict ilio 
tunes of eehpscs for a synodic poiiod of the planet, then, begin- 
ning at the tune of opposition, 
it bo found that as the 
planet ic cedes fiom the caith, 
the eclipses fall constantly inoie 
and inoie behindhand, unci ]>y 
piecisol;^ the samo amount for 
all foul of the satellites The 
diffeienco between the tabulated 
and observed time continues to 
increase until tho planet is near 
coniunetion, when llio eclipses 
1110 more than sixtoen minulos 
late. 

Fiom the hiaunioiont obsciva- 
lioUB at his com man d, Boomei 
made tho diffoimico twenty-two 
mmnles. 

After the conjunction, tho eclipses quicken their pace and cxaotl> 
make up all tho loss; so that when opposition is reached once moic, 
they arc again on time 

It is easy to see fiom Idg 181 that at opposition the planet is 
nearer the eaith than at conjunction hy just twiee tho ladius of the 
earth’s orbit ; i JB — Jyi —2 Tho whole apparent letaidatlou 
of tho cclipsGS between opposition and conjunction, should ilioreforo 
be exactly twlco the time leqiurod fq^^llght to como from tho buu to 
the eaith This time is very ncaily 600 seconds, or 8*^' 20“. 
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called equation of light f It was In 1675 that Hoeniei’^ tliQ Datilsli 
astmaoiiior (the inventor of the tmiiBlb Instrument, metkllan olrolo, 
aiul prime vcrUcal mstrmnoiit, — a. man nearly n ecntiiry \n aclvanco of 
hiH (lay) , found tliat the ecUpBos ot tlio satollltca sbowocl ii peculiar 
variation in tholr tlmcB of occiirreiico, whlcli lio explained us duo to 
the time taken by light to pass through space. His bold and original 
Huggostloii was rejeoted by most astronomers for more than flfty 
years, — until long after Ids death, — when Bradloy^s discovery of 
al)eri*aUon (Art. 225) proved the corrootiicss of hlevlewB. 

029. If the planet and oarth remained at an Invariable dlstaiieo 
tlio e clips 03 of tlio satollltes would recur with unvarying regularity 
(their disturbances being very slight) , and tho moan interval (ioidd 
1)0 dotormined, and tho times tabulated. But if wo thus predict tho 
times of eclipses for a synodic period of tho planet, thon, begin- 
ning at tho timo of opposition, 

It will bo found that as the 
planet recedes from tho oarth, 
tho cclipacs fall constantly more 
and more behindhand, and by 
pro cl Holy tho sumo amount for 
all four of tho s atoll lie a. Tho 
dlfCoi’encQ botwoen tho tabulated 
and observed time con tl mica to 
Inoreaso imtll tho planet 1 h near 
conjunction, when tho ocllpsca 
are moro than slxtoon minutes 
late. 

From tho iuBufiloiout ohflorva- 
tlons at Ids ooinmaud, Boomer 
made tho dlfforQuco twonty-bwo 
minutes. 

After tho conjunction, tho eclipses quicken tholr pace and oxnctly 
make up all tho loss ; so that whon opposition la roaolicd onoo moro, 
Liioy are again on time, ^ 

It Is easy to boo from Fig* 181 that at oppoaltlon tho planet is 
nearer tho oavtli than at conjunotlon by just twlco the radius of the 
oartli’a orbit ; f.e, , JB — JA =^2 SA. The whole apparent retardation 
of tho ecllpaes botwoon opposition and conjunction, should tlioroforo 
bo exactly twlco tho tlmo required foj^light to come from the sun to 
the earth. This tlmo Is very nearly 500 soeonds, or 8“^ 20*. 
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kuown tho eurlh*B di»taiico from tho siin, tho velocity of light 
follows when wo Icnow tho time ocoupiod by light in coming from 
tho sun. At present, liowover, tho mm is reversed ; wo can deter- 
mine the velooity of light by two independent expcnineiital methods, 
and with a surprising d(!gree of accuracy; and tlien^ knowing the 
velocity and tlie light-ocpuitioii, wo can deduce tlie distance of the sun, 

SAdniUN. 

032. The Orbit and Period. — Saturn is the remotest of the 
ancient planets, its viean dislance from tho aun being astro- 
nomical units, or 880,000000 miles. This distance varies by nearly 
50,000000 miles on account of the p.ccentrmly ot its orbit (0.056), 
which is a little griaiter than- that of Jupiter, 

Its nearest approauli to tho earth at a Deceinher opposition (the 
longitude of its j:)erihelion being 00"^ 4^) is 744 millions of miles, and 
its greatest distance at a May conjunction is 1028 millions. It 
is so far from the sun that these eliangcs of distance do not so 
greatly affect its apparent brightness, as in tho caso of tho nearer 
planets, the whole range of variation from this cause being less than 
two to one ; that is, at tl»e nearest of all oi)i>o«itions, tho planet in 
not twice as bright as at the remotest of all conjunctions. Tho 
changing phases of tlm rings make (juito us great a difforenco as the 
variations of distance, 

The orhii in hdined to the etdipti(5 about V/, 

Tho aidemil pmiod of tbo planet Is hmtly-nhie and one’-lialf yutTS^ 
the %ynodio being 878 days. 

The planet itself is unifpio among tho heavenly bodies. The great 
bedted globe carries with it a retimio of eight satolUtcs, and is sur- 
rounded by a syslem of rings unlike anything else in tho iinivorso 
so far as known, the wlude constituting tho most beautiful and most 
interesting of all telescopic objects. 

633, Diameter, Volume, and Suri'aoe, — -The aj>paront mean diam- 
eter of the planet varies from 20^' to 14^^ according to the distance. 
We say diainctor because tlds planet is more Ilattcned at the 
polo than any other, its cUlptiotty being nearly ten per cent, 
though dilTcront observers vary somewhat in their results. The 
equatorial diameter of tho planet is about 76,000 miles, and its polar 
about 08,000, the moan being very nearly 78.000, or a little move 
than nine times tliat of the oartli. *Its surface is tlierefore about 
oighty-two times, and its vohme 760 times tiiat of tho earth. 
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634, Mass, Density, and Gravity. — ItH vicisa in only 
times the earth's maas, from which roIIowH tlio remarknbJe fiu'-t i bnl 
the densitp of Satiini ia only one-eighih that of ilte. mrthy t)r nnhf 
about fim-seventhHihat of water* It is by far tho lonnt dinmn oT nil 
the planets. The iiuperjlckil gravity is 1.2. 

636. Axial Rotation. — It revolvcB upon its nxia in ahtnil 10'' 1 I" 
according to a determiunllou of Professor Hall, innile in lH7ll Ov 
means of a white spot which BiRldonly appeared upon Us HiirOuro* 
and conliiiiied visible for somo weeks. Allhougli tliu .surfiun? <il* Ha*' 
planet is heaiitifully marked with belts which often show dollojdo 
rose-colored tints, it is aeklom that any woll-dcniiod inarkingK pn»Hoiit 
theinselvoa by which the rotation can bo dotorinlnod. 

The ihclinaiion of the axis is about 


636. Surface, Albedo, and Speotrum. — Ab in llio oiiho of .) ii|(tL»<r, 
the oclgeH of tlic disc are not qiiito so brllilnnt a* llni ca-iifnil jinr- 
tions, so that tlie belts appear to fade out ncttv tlui liinli. 'I'liuuc 
belts arc less distinct and less vaviablo timn tliOHo of .JiijiiU'i' ; mul 
are arranged ns shown in Fig. 182, with a very lirllllant zono uL 
(he equator, thougli the engraving much o.xnggoraUw tlio laiiilrnst. 
fhe planet’s pole is marked by a darkish cap of grounish lum. 

Aecctljug to Zdlluer, the Albedo, or vcdootlug power ol* dm Hnrra<.o 
is 0 ..; 2 , almost precisely the same as that of VoiniH, hut ii liHl,. 
rior to that of Jupiter. The fiiJCcfntMi of the planet k the hoIhi- 
ti ll m without any evidence of the prcsenco of wnto)-v«|)oi-, no fnl- n» 
ftu 1)0 made out, but with certain nncxiilalliocl dark IhiihIh hi U„. ,vd 
and orange similar to those observed lu the npoctnim of Jupiter. Th 

centric l iiiga like circnlL discs I*'*"! (f«t. <-oli- 

Tn«nrthoi,„.b%trwS!Mi:c,jrrtt^^ 

l■<lra^Jsnl^ oomiMrativcIy diincu to ok, 

tcrcl to by Stove., .ototo. „ ^mt 

nor one. ’ ' l^obig tliu uxi,.. 

For tienrJy fifty years this nppeodatra oP . 

eulgtna to astronomers. Galilei in Ifiin 

in 1610. saw with hk imu, 
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scope that the planet ai)pcaved to have something attached to it on 
each side, and ho announced the discovery that “ the outermost 
phlnob 18 triple/^ — “ ultimam planetam tergeniinam observavi.’* 



Fio< I82i — Saturn and bis Kings. 

Not long aftevwnrdB tlio rings were edgewise to the earth so that they 
became Inviaihlo to him i and in his perplexity he inquired “ whether 
Saturn Imd devoured his children, according to the legend. Huy- 
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gheiis, in 1665, wfts the flrat to boIvo the prolilcm and (ixptiiin tlm tnui 
structure of the rings. CnsBinl,* twenty years later, diBcoverod lliuL 
the ring was doiilde, — compoBcd of two eonoontrlc portions wHJi a 
narrow black rift of division between them. 

The third, or dusky ring, (7, ie an Amorlonn diBcovery, and tv ns 
llrst brought to light by W. C. Bond at Caiubrldgo, U. S., in Novuin- 
ber, 1860. About two weeks later, but before the nows hud boon 
published in England, It was also discovered independently by 
DaweB. 

For a w'hile there was some question whethor it wrts not really a new' 
formation; but an oxatninatlon of old drawings shows that Ihn’Hcliol nnd 
several other astrononievs had previously soon it whore it orosBOS tlio jdanotj 
nlthongh wkliont reeognizing its oharnctor. 

638, Dimensions of the Eings. — Tlio outer ring, Aj has iiu oxttnior 
diameter of 108,000 miles, and is a littlo qiore than 10,000 inilos wido. 'J'lio 
division between it and ring, B, is about 1000 miles in width, and appai’oiii ly 
perfectly uniform all around. Ring 73 ia ahoiifc 10,500 mllos wide, and 
much brighter than yi, esixiol ally at its outer edge. At tho inner it 

becomes less brilliout, and is joined without any sliarp lino of deniarouLluu 
by ring C, which is sometimos known as tlio or ^^crapa** I'ing, 

because it is only feebly luminous and is semi-traimparoiit, Jillowing Lius 
edge of the planet to be Been through it. Tlio innonnosb ring is nearly, jum’- 
haps not quite, os wdde as the outer oiib, A, Tlmro is thus loft u ehiar Hi»uce 
of from 0000 to 10,000 miles in width Ixitwccn tho planet*H equator iind llu 5 
inner edge of the gauze ring, tlie whole ring syatoin having an oxUinml 
diameter of 168,000 miles, and a width of betwoen 0(1,000 and 37,000. 

The tliicknesa of tlie rings is very Biiiall indeed, probably not ox- 
oeedlng 100 miles. If w’e were to constmob a model of them on tho 
scale of 10,000 miles to the ijicli, so that tho outor one wonld bo nearly 
seventeen inches in diameter, the tlucknosa of an ordinary sliool*. (if 
writing paper would be about in duo proportion. Tills oxtroinc 13 1 Ill- 
ness is proved by the appoaraiicos presented when tho plane of tlio 
ring is directed towwds the earth, as it Is once in every (Iftoon yoarj^^ 

1 Tn consequence of n mlanmlorstaiidlng of eomo exprcaalona iiBcd by IJull, nii 
English astronomer Who observed Saturn In 1006-00, tho discovery of the dl vlslnii 
between tlio rings was for a time attribiited to him, niul Btaloinonts to timt elTcct 
will be found In a number of Important books. The original drawings belonging 
to hit paper In the Philosophloal Transactions have, liowcvcr, recently boon 
found, and show that he did not see the division at all, nor, indood, even umlor 
aland that the appendage wns a ring. 
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At Ihiit, liiiK' tl )0 ring becomes invisible except to tiio most powerful 


■ E'ings. —Tlie rings are parnllel to the equator 

ol Ihd pliiiicfc^ ■vviiicii is inclined about 27“ to its orbit, and about. 28“ 
to Uifi plumi of tlu! ecliptic, the two nodes of the ring being in longi- 
tiuh‘ i\n(l 846“, in the constellations of Aquarius and Leo. Now 
in tlie idiiiuit’a revolution iironml the sun, tiio plane of the planet’s 
ciUUilor imcl of the rings always keeps parallel to itself (as shown 
4 ),in KSg. 1 k; 1) , just ns does the plane of tiio earth’s equator. Twice, 
tiuu'oforc, in tiio planet’s revolution, when the plane of the ring 



pimHOH (hi'oiigli tlio oiu’lh, wc BOO it cilgowiso ; and twice at its maxi- 
inum width, %vlien it is at the ])oints half-way between the nodes. The 
imglo of iutdinalion being 28®, the apparent width of the ring at the 
uuixiinmn \h just about half its lengtln The last disappearance of 
ll\« I'lngH in Fohrnary, 1878 ; the next will bo in the antinnn of 

I Hill. Nciiivr tile fcinio of disappeuranco the ring appears simply as 
a thin noodle of light projecting on each side of the planet to a 
dihtaiHJtj nearly equal to its diameter. Upon this the satellites are 
tliroaded liko beads when they pass between m and the planet. 

040. Irregularities of Surface and Structure.— When the rings 
tiro edgowiHe w6 lind that there arc notable irvegnlarities upon them. 
Tlioy are not truly plano» nor quite of even tliickuess thvougliout. 

d'lio Bill no thing ia indicated by certain peculiarities sometimes reported 
In Iho fonu of the sluulow cast by the planet on the rings; but cantion must 
bo UHctl in accepting and interpreting such observatioiiSi because illusions 
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aie very apt to occur from the least liuli.stiufitiieas of vision or foobloiioss ui 
light. The writer has iisniklly found tliat tlm hotter tho aouing, tho fownr 
abnormal appearaiioon were noted, niul tho ox)>oviouco of l lio AViiMlilngtou 
observer.s ie the (tame. 

It can liardly be doubted that tho dotallH of tlio rings are (;oiitiiui> 
ally changing to some oxtont. Tima tlio outer ring, A, 1h occuslon- 
ally divided into two by a very narrow biaok line known an “ lincke’s'^ 
division, ” nltliongh more iiBiially titere is inertdy a darkiHh Htrcalt 
upon it, npt amounting to a real “ crack” in tlio aiirfnao. ^ 

641. Structure of the Bings. — It is now unlvci'sally ndniitted 
that the rings are not continiiona sheets of .either solid or li(|nUl 
matter, but are comiJosed of a swarm of soparato partlolos, e'ueh ii 
little independent moon pursuing its own patli nromid tho ])liiiiot. 
The idea was anggostod long ago, by ,T. Cassini in 171n, and by 
AVright in 1750, but was lost sight of until Hond rovlvod It in con- 
nection with his discovery of the dusky ring, ITofossor Honjivmln 
Peirce soon afterwards domonstratod that the rings could not bo con- 
tinuous solids ; and Clerk JIaxwell (Inally showed that thoy can bn 
neitliersolld nor liquid sheets, but that all the known condltloiiH would 
be answered by supposing them to consist of a floolc of sopiiruto uiul 
Independent bodies, moving in orbits nearly eirciilnr and In one 
plane, — In fact, a swarm of meteors. 


648. Stability of the Bing — if the ring wore solid it would oor- 
tamly not be stable, and the least di.sturbaueo would bring It down' uisin 
the planet; nor is it certain tliat even tho swarm-lilce struoturo makoH it 
forever Mouro. It is impossible to say positively that tho rings may not 
after a time be broken up. A few years ago tboro wa.S nuioli Intovest In a 
apeoulatioi| winch Struve published in 1851, All the immsuros whieh he 
could obtain up to that date appeared to allow that a change wn« mitunllv 
u progress, aad that the inner edge of the ring was oxlomllng itself (owards 
the planet. lbs latest rerles of measiiromente (In 1885) does not, however, 
Mnflrm this theory Diey sl.ow no consiclerahlo ohaiige since 185(1, and tho 
measnrements of other observers agree with his hi this rospoet. 

The researches of Professor Kirk wood of Indiana mako it probable that 
iS, tITv ^ Pei-t«rbationa prodnoed by tho satol- 

r’"’’ I ^I'ere the period of a sinoll 

Sl™'..!” nmC'zzs'to;*'', ‘S’ 

«Hb.,Uo„ o( to M „ J,„ J ” r,.tooMt‘oS'la 

be comniensarahle with that of Jupiter. • nstoroUl woulU 
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043. Satellites, — Saturn has eighth of these attendants, Tha 
of tliejn was disco verocl by Hiiygheiis in 1655, It appears as 
a star tlic nintli inagnitudo» and is easily observable with a three- . . 
inch teloHoopo. Four others wore discovered by Cassini before 
1700, two by Sir William Ilerseliol near the end of the last eeuUiry, ■ 
luid one, Hyperion, the latest addition to the planet^ s family, by 
Ibnul of Cambridge, in September, 1848, and independently by Las- 
Hclt at bivoi'pcol two days later, 

'Dve ranjije of the system is enormous, lapetus has a distance of 
2, '^25(100 inilos, with a period of 79 clays, nearly as long as that of 
Mercury, There is a romarkablo variation in the brightness of this 
Hutelllte. On tiio western side of the planet it is fully twice as bright 
iiH upon tho, eastern, wliich practically demonstrates that, like our own 
moon, it keeps the same face towards the planet at all tlmea> one-half 
of its surface being much more brilliant tiian the other, 

Mimas, the nearest and siuallost of the satellites, coasts around the 
edge of tbo ring at a distance from it of only 34,000 miles, or 
1 IH, ()()() from the planet's centre, having a period of only 22^ hours. 
■Thm satolltto is so small and ao near the planet that it can be seen 
only by very large telescopes and under favorable conditions. 

Titan, ns its name suggests, is by far the largest of the family. 

I ts disliincc is about 770,000 miles, and its period a little less than 
1(1 ilayH. It is probably 3000 or 4000 miles In diameter, and accord- 
ing to Stone, its mass is of Saturn's. 


044. Peculiar Behavior of Hyperion. — Hyperion has a distance 
nf 934,000 miles, and a period of 21J clays. Under the action of Titan its 
orbit is vtUKlered considorahly eccentric, and i(s line of apsides always keeps 
Hnalf in ihe line of conjunclion toUh Titan, retrograding in a way which 
ul llvHt Kcoiniul to defy theoretical explanation, but turns out to be only 
IV *‘now GviKO iJi celofltial nusclmnics,'* and a iiecessavy result of the disturb- 


anci* by Titan. „ , , , . n 

The orbit of lapetus is inclined about 10° to the plane of the rings, but a 1 


1 Uniil Ilersclicl’s tlnw it wna cMstoimiry to tllsiingaial. the EBtcllites ns Arat, 
at«., 1.1 order of diatimco from tl.o j-lAneti hot as Hevsoi.ol ^ ne.v satellites 
were withUi the orhils of those which were known before, »heir discoverj- con- 
tnsod matters, aud the confusion heeninc .vorso confounded ^ 

u,.,, eared. They are now usually desiguated by 
IlerBeht-l ns follows, beginning with tbo most remote, namely i 
rlou),Tltni.i Bhca.Blonc, Tetbys; Eneeladns. Mimas. It f 

llieso names, leaving ont Hyperion, which was undiscovered when y 
ftsslgucd. form a line and a half of a regular I-atin pontamotBr. 
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t ho other aatellites move exactly in tlioii* piano, and all the 6 yo i inior oir'h 
jnove ill orbits sensibly oirouhiL’. The orbits of Tapctiis, Ityporion, uml TiLeui 
J iave a alight eccentricity. It la not at all iini>OHHil>lo or ev<m iiniirolialih^ 
that other minute satelUtea may yet be diHcovorcil in tlio grout gap ))oisvoen 
Titan and Tapotus. 


UHANUS. 

646. As the aatellitos of Jnpitor wore the fli'Ht heavenly bodloH 
to be ‘‘discovered/* so Uranua was the first “ disco vored ” plinidt, 
all the other planets then known liavlng boon known from pr(}hlHtorl(^ • 
antiquity, Ou March 18, 1781, the older ITorHolicl, in sweeping 
over the heavens systomatically with a sovon-inch rnllcctor nnide 
by lilmaolf, came upon an object which, by its disc, he saw ut once 
was not an oixlinary star. In fiHlay or two ho had UHcertniiuul tlial 
it moved, and announced the discovery as that of n conuU* Aftci' 
a short time, however, it bccaino obvious from the coiniailuLloiiH 
of Loxoll, that its orbit was nearly circular, that Its distance was 
enorinoufl, and that Its path did not at all rcacinble Unit ordinarily 
taken by a comet; and within a year Its planetary oluvriictor was 
recognized and it was formally admitted as u new inmn)u)i* of Llio 
solar system. The name of suggested by liodc, ibially pre- 

vailed Over other appellations (HorBChcl liiinsolf called It the (ieorglum 
Sldus, 111 honor of the king), with the symbol tf or . The fornnu* is 
still generally used by English astronomers, 

Tho discovery of a new planot, a thing thou utterly nn[>rnced(mtoil, cauH(Ml 
gi-eat excitement. Tho king knighted ITorschol, gave him a ptumlnu, ami 
furnished him with the funds for coiietruotlng his great forty-fned 
of four feet aperture, with whlcli ho afterwards dlHcoviirod ibo two iimei* 
satellites of Saturn. It was found on rookoiiing back from the dale of 
Heracbfll a (llscoveiy that the planet had bcoii Bevoral tiinea hnforo obstu'vml 
ns a star by astronomei^ who narrowly in issod Mm honor wliioh full U) Llin 
more fortunate and diligent Ilorsohel. Twelve, suoh obHorvatlons had boon 
made by Leinonnier alone. 


646. Orbit.— The mea7i-diaia)ice of Uraiiiis from Uio Him Ih vorv 
nearly 1800 millioua of mllos, and tho eccenlnoily u ti-lllo Iohh tliiili 
that of JupUer’fl orbit, amounting to about 88,000000, Tim tncfijia* 
fton of the orbit to tUe piano of tho ocllptio la very alight, only 8(1'. 
The planet’s periodio time Is 84 years, and tho si/nodk perwil (fi-om 

opposition to opposition) 300-« 8^ Tbo orbikiUvdocitu ia 4i mllos 
per second. ® 
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64V. Appearance and Magnitude. — Uranus is distinutly visible to 
tlio nalcetl oyo on n dark night as a small star of the so-called sixth 
niagjuliule. It is so rcinoto, its orbit having a diameter more than 
11) tinnm that of tliO earth^s, that there is very little change in its 
nppourtinoo, and it makes no practical difference ndiether it is at 
opposition or quadrature. 

In the tele SCO pc it shows a sea-green disc of about 4'^ in apparent 
diameter, corresponding to a rea^ diwmeter of 32,000 miles. Its sur- 
favAi is about 10 limes, and its volime about 60 times greater than 
that of tho oavth, so that the earth compares in size with Uranus 
about as tho moon docs with tho earth. The mass of Urauns is 14.6 
times that of tho earth, and its dmsity and suTfacQ-gnmty are respec- 
tively 0.22 and 0,90. 

048* Alliedo and Light. — I'lic reflecting power of the planet’s 
Hurfiuie Is very liigh, its albedo,^ according to Zdlliier, being 0.64, even 
uxcjooding thiit of Jupiter. It is to be remembered, however, that 
Hunliglit ali Uranus is only as intense as at the earth, and only 
ubout aa intonso as at Jnpitcr ; so that the disc of the planet does 
not appear in tlio telescope even nearly as bright as a piece of Jupiter’s 
disc (»f the 8 lime appaicnt size. Tho greenish blue tint of the planet 
is aceountcjd for by tho fact tlmt its spectrum shows certain conspicu- 
ous (hvrk bands in its lower portion, bauds perlinps identical with 
those whUih are visible In the spectrum of Saturn, but much more 
intenB(‘. The Flino Is also Bpocially prominent in the spectrum of 
UraniiH. These facts probably indicate a dense atmosphere. 

649. Polar Compression, Bolts, and Rotation. -—The disc of the 
planet shows a decidcMl elllpticiiy — about according to the Prince- 
ton obBcrvations of 1883, which agree nearly with those of Schiapa- 
rulli. 'ITiorc arc also sometimes visible upon the planet’s cbsc 
certain extremely faint bands or bolts, much like the belts of Jupiter 
viewed with a very small telescope. What is exceedingly singular, 
however, is that the trend of these belts seems to indicate a 
of rolaiUm not coincidhig loith the of the satellite3\ orbits. 

Nearly all tho observers who have seen them at all find that Uiey are 
inclined to tho satellites’ orbit-plane at an angle of from to 40 , 
Now nnloBS there is some error in Tisserand’s investigations upon the 
motions of satellite's, it is certain that the plane of these orbits must 
of necessity nearly coincide with the planet’s equator. Probably the 
error lies in Judging tho direction of the belts, winch at the best nre 
at the ver^' limit of visibilitY. 
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Oue or two obaervors have aBsigned to tho pliniot rotation porlnds 
ranging from 9^ to ]2\ but it cannot bo «aid tiuit any dotonninatlon 
of tills eloineiit yet made is to bo trustod, 

06O, Satellites. — The planet IniB four BalolliioB ; vl/., Arh^l, 
Umbrlel, Titnnia, and Oberon ; Ariel being tlio noaroat to tlio plaii(‘t. 
The two brightoat of thorn, Oberon and Tltanla, woro dlHoovoied 1 j\ 
Sir William Hersohel a fow years after tlio discovery of tho iilaiiot, 
He observed them anfflolontly to obtain a reasonably oorrocit dctorinb 
nation of their dlatanoos and porlods. 

It is not certain that lio Baw oifcliov of tbo other two, though ho Ihnujht ho 
had found six aatellites In all, and a fow yoavfl ago a popular wriUn' on 
aabrouomy actually omlited tho planet with eUjlii BatollltoH, — tho four 
whoae iiameB have been given, an^four others which irorHohcl BUppcfH<Hl lio 
Imd seen. 

Ariel and Umbriel wore first cerlainbj dlHCOvorcd by LuhscOI ill 1851, and 
have since been satisfactorily obsovved by immoroim largo tnloKcopoH. "11 icy 
are telescopically, the smallest bodioH in tlm Holar Hystoni, and tho inoHt 
difficult to see. li\ veal size, they are, of course, much larger than llio saliO' 
litesof Mars or many of the astorolds, very likely mouHurliig from 201) (o 
600 miles in diameter; but they are ton times as far away aw the uHinroidH, 
and illuminated by a sunlight not as brilliant aa tlioirw. 

6B1. Satellite Orbits. — Th© orbits of the Ratcllltos ivro wenwilily oireu- 
lar, and all lie in one plane j which, aw has been waid, ouf/hl to Iwi, and [>i'ob- 
ably is, coincident with the piano of tlm planet’w equator. are very 

close-packed also, Oberon having a distance of only 875,000 nilh?w, wltli a 
period of 18^ 11^, while Ariel 1ms a period of 2^ 12^, at a din lance of 120,000 
miles, Tibania, the largest and brightest of ihoin, has a dlHlance of 280,000 
miles, somewhat greater than that of tho moon from the earth, with a iHirlod 
of 8"^ 17^ Under favorable olrc urns tan ces thiH Rutolliio can bo juwt Hcon wllli 
a telescope of eight or nine In olios aiierbui'O, 

652. Plane of Revolution. — Tlio most romarkablo tbliig iihoul 
this satellite system i*emniua to bo mentioned. Tho jj/ono of (heir 
orbits 18 inclined 82^ ,2 to tho plane of tho oclipllo, and In that plane 
they revolve backwards; or we may say, what comoH to Lho Hanm 
thing, that their orbits are inollncd to tho ocliptlo at nn angle cjf 
in which case their rovohition is to bo coiiBldoroel as diroct, 

liVhen the line of nodes of tlieir orbit piano paBsoB Ihrougli the oarih, 
as it did in 1840 and 1882, tbo orbitfl arc rogii edgowiso and appear us 
straight linoB, On the other hand, in 1801, they wore hcou almost in jdan 





m 


as h(>at ly \m fcofc ciiolca, and will be seen so again m 1003, The yeai 18bJ-8i 
\Mis a Hpeuially Xuvoiable tnno foi dctoi mining the in olmatiou of the mbits 
aiiil (he position oC tlio nodos, as^vell as foi nieasiuing the polai compies 
Hinu of tlio planet 


NKPTUNK 

663 Tho discovci^ of Una planet is justly reckoned as the 
p;UMiiOHt Irinniph of mathomnilcal astronomy Uranus failed to move 
piocmoly in Ihci path which the compiiteis piedictcd foi it, and was 
inis^uiiUHl by some unknown inlUicnco to an extent which a keen 
cyo might almost seo without telescopic aid The diffeience between 
Uh obseivecl place and that pi escribed loi it had become in 1845 
luuvily UB much as the ^Miitoloiablo” qiiantit\ of 2' of aic 

(ho In ight slai Yoga ihoio aio U\o Utile stais which foim with it a 
small ctpiilatGial inanglo, tho sides of tlio tuangle being about long 
The nmlhciii one of Iho tv o little sfcais is the beautiful double-double sUi 
e Tiyucp and can bo seen as double by a keen eye without a telescope, the 
tvo conqjauions being about V/ apail Now the distance between the 
I'omjnitcd place of Uianns and il^ actual position was, vhoii at its maxi 
Ilium, just a lUUe inoio than half of the distftnco betveen these components 
nf « by ms Ihiit only a keen eye can sopaiate One would almost say that 
mu'h a nnmito disci opaney between obseivation and thcoiy wnsliaidly woith 
linnding, and Ihnl to considei it « lutokiahle ” nas what a Scotchman would 
cull ** kIusu ptnnicldUyucss.” 

but Jn»t these ninmto dmciepanoios constitntccl the data which 
wi'Vo founa siiniclont for calculating tlie position of a liitheito 
unknown planet, and bilnging it to light, Lcveuioi wiote to Galle, 
In Hulmlaiieo , Direct your telescope io apioint on the echpUc in the 
f onsldhUion of jUjuarins^ ??i longitude 326^^ and you will Jind within 
u diup ve oj that a new planet^ loolmg hie a stai of cibout the 
ninth DUif/'iiitudPy and litteing a peiceplible disc^ The planet was 
ft>nnd at Borlin on the night of Sept 23, 1846, in exact accordance 
with this piodiction, within half an hour after the astronomcis began 
looking for U, and only about 52' distant from the pieciso point that 
l.evcrrlcr bail indicated, 

664 . iSo far as the mathematical opeiations aie concemecl, the 
honor is to be equally divided between two then young men,— 
i.CYcrrien of Paiis, and Adams of Cambridge, England Each took 
up ilm pioblcm, and bv porfoctly independent and considerab y dil^- 
feront moiliods ainvcd at substantially the same solution, and each 
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pminptly aonitniiiiitjjifcod tlui niKult (Ailiuim sonm nmiiUjH I'urlli'i' lliini 
Ijcvori'ior) to a pniotif^al iiHtiroiiomor pnivlih'*! willi Mhi ni-rrsfuiry 
apimratuft for iKjLmilly tlu^ ]>lHHnl;. 

AdaiiiHj ^Y]l^> wiiH tlimi i\ f^i’wliiaia ol' y<'ar/<* alautlli^f, n l(*lln\v jiimI u 

iiitor in hia Gollogis (loinniunicjiUMl hin li> (’luillifi liif* |no|n:<,'nir ifi 

afitroiioiiiy at Canibridga, in tlin aiihunu ol’ IMlii. (’luillh at nni‘«’ 

Hiiltncl Airy, tlm Astronmnin’ llnyiil, Imb hnUyci'n llitnn ihn ninHi'i' rufln-i’ hiy 
in abeyanno for Honin niontliH, nnlll a ncdlnn upjirait'il of ii inf’litniiuM) 
by Lcvarrior, Nvliioh imlionl.iul Muib Im ahn Innl n'm’hnfl mibHliinliiilly li»'’ 
Haino coiicliiHioiiH uh AilaJua. 'I'lian, at Mk' uvi;nnt id Air\, 

CliiilllH (looldcfl to begin ilni hoiunjIi iii niiee, lunl to ea|ilurn thn ]i|aiiel !•> 
fliogo, fio to Hpeiik. 1C Jai bad liud f<unli wiur-niapH ua \vn now pnaaryt of llio 
rcgionfi wb(ir<» fclin plinnit lay aoniieiiletl, Ij. wuiilil liavo ln'en eMin|iiii'al ividy mi 
ortsy oponUion ; but us bo Imd not, iio diadded In gn over a apaei' \> idi' 
by 30° loiig, and to go t>V(»r it Mm'o liinoH. '11 lo of uH i \ svh { 

stars woidd of ooiirsa bo iiio aaino at eiioli of llio iliiri^ obMiM valions, Ind n 
plaiiob ^vonld ohango ils i»lueo in ilm iMaaiiMiiio, ainl ho would in' innrdy 
(leb^ded, 

llo b(»guu ids work on duly t2l), inolnding in Idn awroji (dl elms ilown lo 
tliQ tfliiLb niagnlUido. Wlau), oji OoL 1, lio loanieil of llio urinal di:'roV"VV 
of tlio planet, jjo iiud rmmled llio posiUona of Homelldng over dniiii 
and was propiuing to map tlioni. Ho lunl already seemed, an it liinied om, 
tlireo obsnrvalbuis oC tla> planot on Aug. d, Aiig, Iti, Jinil Hi'jil , :*n, joid 

of coiirso it svuH only tlia 4 U(mtioii of a. few wenks nr bvis wluni Hi'- 

dksoiLHsion of Ihn niiservalinuH wnnld Inivo iu’oiiglit Ihn plumd, In liglil.. 

But wblle UjIh rather dnlilioruln proeess wuh going fni In I'inglainl, JiOv«m 
ricr laid I’ovisad Ids work, making a Heinuid approxlinal lim, ainl bud rnnoMO' 
iilcatod Ids msnllK to riiille, at Berlin, Hulistunlially as a)a*vn hidiealedi 1‘lio 
iiorlm astronomers liud tlm great advanlago of u new Mluradmrl. )jy Brmnlki'i . 
eoYorliig tliat very region of tlm si? y, and tlierofove rlid iml. Mood In elll^-r 
upon any siieh (odlouH campaign as tlial- liognii by riiulllH. Tn bein ilnui 
Jialf an liour llaiy found a iiew star, nob Indbsiiiul nn lim luup, and hlinwiiif.^ 
a ficnHil)Ie disc, just as Leverrior had ]U'edieh'd; and willilii twmitV'fonr leiiij ' 
its motion proved it to laj the pliinel.. 

666 . Oompiitod Elomoiits Erroneous. -- Ilolli AHiuhh iiiirl r.i-vi-i ilDr, 
beaules ooinpiUliig tlio iiliiiiot'H iiohIIIou In Hu, nicy jiiul di'din'i’,! 
oloTtionta of Its orbit, nml i\ valiio for itH iuiihh, wlilcli l.iirni'il out In liO 
ooiiaWorably orronuoiis. Tlio reiiNon wiih (.liul) thny liml iiHHiiinril Ih’tt 
the wflart clistanco of Urn vmu plmul from Ika mn vunihl foUoio 
law, a anppoaltloii whioU, ns it turiuKl out, In not nvoii ronglily Imo, 
ftitlioiigli it wiw ontirr.ly.warnintod by tlui oxiHtIng fllCIlH^ Hinco nil (In? 
tUon known plnnotH, not oxouptiiig Uvuiiiih. olmy It witli hUiHomiblo 
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I'xuctuflHH. Tliis DHSumption of an ci’t’oneoiis mean distance of tliirty- 
eit^ht natvommiieul units, instead of the true distance of thirty, carried 
u’iUi it errors in all tlio other elements of the orbit ; and the computed 
eUmuiiits arc so wide of tlio truth that great authorities have main- 
tained that the a<!tual Neptune was not at all the Neptune of Leverrier 
iind Adams, l)nt an entirely different planet; and oven that tlie 
(listiovery was a " l>uppy necldont.” It was not an accident at all, 
however. IVliile the data and motliods employed wore not competent 
to determine the planet’s orhil accurately, they were sufllcient to 
dotermino the lUivotiun of the unknown body, which was the one 
thing needc'd lo insflro its discovery. The computers informed the 
Himrehers precisely where to point tlieir telescopes, and could do so 
iigaln were a new case of the same kind to appear. 

GOO. 01(1 Observations of Neptune. — After a few weeks’ obseiva- 
liiie of till! new pliuiet it became possible to compnte an approximate orbit; 
and reekoning Inusk by moans of tliis approximate orbit, the appvoxiinalo 
plais) on any given date for many years iweeeding could be found. On 
examining Hm observations of stav.s miido by diffos’out astronoinovs in these 
regions of the sky, tboro woro found several instances in whidi they had 
(ibserved I, lie planet; a star of tho ninth magnitude in tlie proper place for 
Neptune being recorded in tbeir .stnr-cataloguc.H, while the place is now 
vacant. 'I'liose old ol isorvations, tluis rcooverod, were of gi-eat use in deter- 
mining the planet’s orbit witli accuracy. 

067. Tho Orbit of Neptune. — The planet’s mean di'stoncfl from 
the min is a lilUo more tium 2800,000000 of miles, instead of being 
over !)(i0(),000000, as it shonkl be according to Bode’s law. The 
orbit, instead of being considerably eccentric, as it appeared to be 
from tlio eomputution of Adams and Leverrier, is more nearly circular 
than any other in the system except that of Venus, its eccentricity 
being only , Nvon this small fraction, however, makes a’ varia- 
tion of over ri0,()()0()00 of miles in tho planet’s distance from the sun 
at dilTercnt parts of its orbit. The inclination of the orbit is about 
1 H*’. 'I'lie period of the planet is about 161 years, instead of^ 217, as 
it sliouhl have been according to Txiverrier’s computed orbit. Tlie 
orliilfd velocity is about miles a second. 

668. The Solar System as seen from Neptune. — At Neptune’s 
dlstimco the sun itself has an apparent diameter of only a little more 
Lbau 1' of arc, — only about tho diameter of Venus when nearest us, 
and too small to be seen as a disc by tho eye, if there are eyes on 
Noiituno. Tlie light and heat received from it are only ^ part ot 
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what we get nb the etirth. Still, wo muHb not liiinglno Unit, hh iioiii- 
paveclwlth Btarlightor oven moonlight, the Nopinniiiii Hiiiillglit In feelile. 

AsBumleg Zbllnor’s ostiiimUi lliiit Hunlight iib the oju tli <11^,00(1 l iineii m 
iTitonaa as the light of the full moon, wo lind that tho hum, even ut 
gives a llglib equal to 087 fell niooim. 'Phirt is al>()uL m-veiily-oight liuu-s IJu’ 
light of a standard omullo at one inotro cllslaneo, or nhnut the light nf a 
tliousand candle power olocivie are at a dlHtaneu of KIJ foot — ahiiiuhint for 
all visual purposes. In faofc, as seen from No pin no, llio huh won hi look very 
inuoli like a largo olcotric are-lainp at a dlslaneo of a fmv hs-t. Wo rail 
special attention to this, hocauso orroiieouH HtaUnnmds am not uiirivr|ii(\n()y 
met with that “at Noptimo tho sun would lat only a Ih'Ht jjmgiiiludo hhn’.*' 
It would really give about 41,000000 Uiiios 11 lo light of snoh a idur. 

669. From Neptune tho four torrest.'. al planel^H wiuild liopolosHly 
invisible, unless with powerful iolosenpoK and by oamfiilly Hommilng o|T 
the minllght. Mars would no vor roach an olongatlon of 3^ from Ilio huh; 
the maximum olongalioii of tho earth would ho about and that of Vonus 
about IJ®, Jupiter, at tainiug an elongation of ahout 10'\ would probably 
be easily seen fiomowhat ns we sein Morimry, Saturn and th iinuH wdiihl bi^ 
oouBpicuouH, thougli the lalhu' is the only plaiu^t of tho whole uyslem IIjuI 
can bo better soon from Noptimo lliau it can Im from tho eartli. 

660. The Planet Itsolf. — Noptumi aiipoaiH In tlm Ud(m(’o|m mh n 
Biimll star of botwocn tho oighth and ninth nuignlLudoH, iibHoliiloly 
liivisiblo to tlm naked oyo, though easily HUM n with u good oimra-glaHH. 
It pliowB a grooniHli dieo, having im iippurimt diameter of glunit 
wlpch varies very llttlo, since tlm ontiro range of varlati<m in the 
planet^s distance from us is only about whole, ^rim rmil 

diameter of the planet is about 36,00(1 inlleH (luit llni prolmble error 
of this must be fully 600 nillos); tho Ih nhout Ho tiiimn tlmt 

of tho earth, Its mcm, as dotcnnlnod by nieuiiH of Its Hulidlile, iu 
about 17 times tlmt of the oartli, and Its dunHib/ 0.5^(L 

Tho phinct^s albedOy according to ZOllner, Is iibonL forLy-Hl\‘ per 
cent, a trlllo lower than that of Saturn and Voiuih, and conshhu’iildv 
below that of Jupiter and UraniiH. There are no vlslhle JiiarkliigH 
upon Its surface, and nothing is known ns to its rotation, 'riie 
spootiLim of tho planet appears to bo jiroclHcly like that of HraiiUH. 
Tho light is so fooblo that tho ordinary lines of Iho solar Mpiudrum 
mo difllcult to mako out, but tlioro are a number of luuivv, dark 
bands, which indloato tho oxlstonco of a (lenso atmosphere, through 
which the light, roflooted by tho cloiid-covored Hurfiu'c (?f tlie phiimLi 
is transmitted, — an atmoaphoro which appears to bo idenlhmlly tho 
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fiiunw Oil t)Oth Uiaiius and Ncptiine, whilo Bonio of lU constitiieiit^aie 
pi'c>l)Hl)ly pioscnt m Jiipilei and Salmn, as shown by the puncipal 
davk band in tho led. It la not possible ns yet to ideutif} the 
HulJHtanoo winch pioduces these bands 

It will bo seen that Uinnns and Neptune fonn a “ pan of tiuiih ” 
vtny nnioli ns the caith and Venus do, being iieaily alike in magni- 
UuUs density, and othoi ehnracteustics. 


fl6L Satellite* — NepUinc has one satellite, diacoveied by babsell 
witlun ii month alter the discoveiy of the planet itself Its distance 
iM iii3,()()0 miles, and its pouod Is 5'^ 21^^ 2*” 7 , Its mbit is inelmed 
03' j and it moves haclcward m it, clockwise, fiom east 
lowaidB tho west, like tho satellites of Uianiis It is a vciy small 
object, appealing of about the same bughtness as Obeioii, the outei 
salelhto of Uianiis. Fiom its^ bughtness, as compaicd with that 
of Nciiiune itself, wc estimato that its diainetci is about the same as 
Ihul of our own moon, though perhaps a little laigei 

Since Nopluue is so fai fiom tho sun, and the planet has no othei sjPeDito 
oi any si/o (none ooitamly coinpai able with this one), its molmn must bo 
ju jn ticidly iimhstmTicd and veiy neaily unifoim It has been therefoie pio- 
p<jst'cl to inalco a (asl oj the umfotmity of olke) moUons in the solar s^stem^ 
Hurli as tiio lengtli of tho day and tho length of the month It levoKes 
uipidly onongh to admit of voiy piocise obseivations by laige telescopes 
Tl* IB, of com BO, possible that the planet has othei uiuhscoveied satelhtcb 
but if HO, they must be veiy miiuile 


062* Trana-Neptunian Planet — Peihaps the bi caking down of Bode’s 
law ul NopUmo may bo icjyauled as an iiirlication that the system teimmates 
Willi him, and that thore is no lomotei planet If such a planet e^sts, how- 
(wm, it IS Bino to ho found aoonoi oi later, eitliei by means of itb distinbiug 
Hcimn upon UirniuB and Neptune, m else by the methods of the astei oid 
hnnlms, although, of comse, its slow motion will lendei its detection m this 

way dilhcull „ , , v ^ 

Tn 1877, Piofessoi Todd, fiom a giaphical investigation of the outstand 

inn ai[tiu(>ncc8 boLweon Iho coininitcd wul olsseivea places of Ummis (aftei 
allLiiiK loi Not.l«iio’H action), concluded that an undiscoveied planet very 
;S£cx.«ts/and that its longitude ,vas ther, about 170o He n.ade a 

Im l.«l nnsuccessful Bomch ™ 

over a logion about dO^ long by 2“ wido witb a powm of 400, boprng to 

U'oogni/c the planet by its disc 

063 Til tho Anuendix, >ve give tables containing the most acciuate data 

„ .t p.oLt b.t .„«.a u, 

tbo student that those data aic of very different degiees of aociiia j. 
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The distances (in astronoiiiiciil uiiitH), and t\w periods of llio pljumUs 
(except perhaps aoiiiG of the asteroids) are known willi oxlrinuo prcolsloii | 
probably the very last ilguro oE tlio tublo may bo tnisbal, Tlio other 
elements of tlieir orhits avo also known v(n'y closely, if not <[uito so pnudstdy 
as the distances and periods. The vi<infia,^y in i firms of the vinssy hLiuhI 
next to the orbit olemouts in order of precision, witli an error probably nnl. 
exceeding one [)or cent (except, however, in the case of T^Fifreiiry, tlni nuiHS 
of which ronmlns still very uiicortain). 

The ratio of the eanh*^ muss to tlio sun’s is however less iieeurnlely Icnown, 
l)eiiig at present subject to an iiiicorbiiiiity of at least two per wwL 'I'lds is 
hccniise its (lolermiimiion involves a knowledge of Llio solar panvlhix (All. 
278*), the cube of which appears In tlio foriinihi for tlio ratio of Lliu nnissoH. 

Of oouveo oil the in asses of tlio planets exprcsml in tnnns of !ho num 

are subjeot to the saino uncertainty in addition to all other ]u>ssiblo tnuisoH 
of error. 

When wo come to tlio diameiersy volmw.Hy and dfiUHitks of the pliuielfi, 
the data beooino loss and loss certain, aJI has Ikmui poinbsl oiit before. I'kir 
the nearer and larger planets, say Venns, Mars, and Jiipller, tiiey urn reaMfin- 
ably satisfactory, for the remoter ones less S4), and the llgiires for tho density 
of tho distant planets, — Mercury, ITranns, and Neiituno, fin* instance, — avo 
very likely subject to errors of ten or twenty jinr cent, if n(>t move, 

004 . Wo borrow from IleraohokH “ Outlines of Astronomy” the following 
illuBtration of the rolativo magnitudOR ami dlatnnecs ot Uie uionibers oC our 
aystom. “Choose any wolMovollod held. On it iduim a globe two fis?t in 
diarnotor. This will I'opresont tho snnj Moroury will be rei>n?Heni(!d by a 
^rain of muntard-sced on the oiroiiinforeiico of aelreie Kll foot in diamnl.ov 
for its orbit; Yoiuis,a;w< on aclrelo of 28‘1 feet in dlameb'r ; tho KavUi also, 
a jjeo on a circle of 430 feet; Mars, a rather largo inn^adicnd on a eirebi of 
054 feet; the asteroids, of mnd In orhlls of 1000 to 1200 feotj Jnplior, 
a moderaie-iked oraiuje in a cirolo nearly Imlf a mile acrews; Sai-urn, a small 
orange on a cirolo of foui'-Ofths of a mile; UranuH, n fnlUsizvd cherrg cir 
Bmall pUm upon tho circumferonca of n circle more timiHi mih^ and a half; 
and finally Neptune, a plum on a eirele alumt two miles ami ik ImlE 

in diameter. ... To Imilato tlio motions of Llm plimels In the uhoviMnom 
tioiiod orbits. Mercury must dosorlbu its own diameter in 41 NeeomlH; Venns, 
in 4”* 14*; the Lartli, In 7 minutes; Mar.s, in 4*^ 48*; JujiUer, In 2^ Hfl*; 
Satmm, in 18- ; Uranus, in 2>‘ 1(1 ^- 1 and Neptimo, in ilO'b” We may add 
that on this scale tho nearest star would bo on the oj>j)OHite Hide uf ilm globe, 
ftt the antipodes, 8000 miles away, 
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sun's parallax at IV, wIikjIi in morn than twonty Uim'a Iimi Ijiifp'. Tliia valu" 
was nccoptod by rtolomy, and rniiiainad undiapnlail I'nr l.wrlvi^ r«'iif iivirn, nnlil 
Koplcjv, from Ty(5ho^H obsarvaiioim of ^lavH, aaiialUMl hinmrlf Unit Um j<un’:i 
parallax could not oxmid V; /.f\, that tlm mni'a di^^hml*o tiimd. bo ut n . 
groat as twelve or fiftiKin mi 11 li ms ui nnh*H. IhdwiMUi 1H70 ami KlHO ( aiv/mi 
proposed to ddnrnuno iho solar parallax by olmervalimm of Mam; fur by Ib.il 
time tlu) distance of JFars frtnn tlio oiirlli jit any monu'iit mu Id bn v<n y an h- 
rately computed in astronoiuicul iinils, ho that tiio dobu’miiiatinu of (ho )ioi> 
allax of Mars would iiialco known that of llm aim. ( )bs<*rvaf iiom in I'ranrr. 
compared with obsorvatioim nmdo in South Aimnina by aMninomma .'-out nni 
for tbo purpose, showed that thu parallax of could not exceed ‘.bV', nr 

that of tliosuu, 10", Cassini set it ul mrresjMmdlng (n a dislmin' ai' 
80,000000 of iniios, — giving' the llrst reasniiablo approach In fho h im 
sions of the solar system , 

Xu 1077, and more fully in 1710, Halley exjdaiued bow huii/*ils of Vcnii‘' 
might be utilized to funilHli a far more aeenniln (hdenniuiilinn of ihe M>!iir 
parallax than was posHlblo by any method before used. He dicil bebno Uic 
transitK of 1701 and 1700 oeenrred, but tle'y wi*re Imlli observed, tlu* Wv -i 

not very satlsfaeiorily, but the w*ennd with iierfeet huceesf*, and In the 

widely separated parts of tlie glolie. 'Hm remills, howevm', were )iy kih 
meiiiiH as accordant as had been expeelcd, ’Various values of l)u> siiuV [•iit 
allax wore deduced, ranging all the way from H'" in II" ueeiu'dlui* In tie- 
observations used, and tlio wliy tliey w<‘re treated in Urn disemciinM. 
Towards the end of (be century, La riace a<lnp|ed and useil fnr a wliih.^ th*' 
value 8".81, wlulo Delambi’o preferi’od H'Ml. 

667. Tn 1822-24 Kimko oollootod all dm truimlt nlmorvuthinH Uuih 
had been published, and (Immissed tlmiii im u wliuln in un uMnnnidy 
thorough manner, dednelng us a (bull remilt, from llm twn traimilM /if 
1761 and 1700,8^0770, eorruBponding to a distmum of 11.53 niilliurm 
of miles. The dednml is very impimlng, and dm dismiKsuin l»y 
which it was obtained was nnqnewtioimbly (bonuigh and labmlnuJ, 
BO that his vidno stood uiU]UesUoned and olaHsiiud for many ymuM. 

The first note of dissent was beard in IHri l, when llanHen, In 
piiblisliihg certain rosoarclies upon the niolion of the niooii, an- 
noimeod that Eiieko’s parallax was certainly too small ; Im after, 
waidfl fixed the figaro at 8^^^)7, but iiio eorreetloii of (u*rlain nuniei i 
cal errors in his work red need this result to 8". 112. 


Three or four yours later Leverrlnr fouml uvalun (jf S"JK5 frfan 
called Imav equation of tlio smrs motion; and in 18(12 houcanll, frfUii a 
determumtion of the velocity of light, combimul with dm cmmtaiil. of abor. 
ration, got the value 8".80, A re-diHCUSslon of llm ohl t i uimif, of Voon . 
observations was then made by Stone, uf England, wl,o deduced from d.coi 
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(j'l) The cliroot method [0]. 

{B) ObsQi'Vfttions of the dlaplaconioiit of JSim'd among llio atarn 
/ at the time of opposition. 

(a) Dcoliimtlon obscrvfttioiiH from two or inovo KtationH In wirloly 
diiToi-ont latitudes iiiado with ineridiiin ciroles or mieroiiieUT 
[26], 

s (6) Obsorvntloiifl uiado at a Hiiigle atnthni near tlio mpiahir, by 
measuring the distance oE tlio planet oust or \v(3st froiii 
‘ neighboring stars, using the liellomelor [DO]. 

(0) Docllnatiou obsorvatlona of Venus [20]. 

(D) ObseuvatioDB of ouo of tho noiiror astenudH In the Hiune 
way 08 Mars. 

(rt) Meridian obscrvolious at two station h in widely di he rent 
latitudes [20], 

(h) Iloliomotcr observatioim at an oquaUirial slatiou [76]. 

{E) Observations of tlie tmnaita of Vemis at widely HOiianited 
stations, 

(rt) Observations of tlio coiitaetH. 

. - (1) TlaUey^fl molhod — tho “niutliod of tlunitiom** ['!()]. 

(2) Uelisle^s method — obfiorvftliou of twm [60], 

(^) Helioniotm monsnremoiils of the piiHlilon of (he planet oil 
tli0Bun[76]. 

(c) Photographic mo thods — vuriouH [20 Of 76]. 

III. Gravitational i^Icthods. 

, \ \{A) By tho 1110011*8 pamllactio InoqiuilH.y [70]. 

' (JS) By the lunar equation of tho 8iiu‘8 motion [dO], 

(0) By the pcrtiirbaiioiiB produced by tlio earth on Voiuih and 
Mars [70] ; (ultimately [96]). 

rV, By tho Velocity of Light, combined with 

(^) The light equation [80], 

(-B) The constant of aberration [90]. 

The figures in braokots at the right iivo iiiteiulod to oxproHK roughly ihe 
relative value of tho difiereiit mofcbods, on tho soulo of 100 for a mutlnjil 
which would insure absolute acouracy. 

670. Of the Anoieut Methods, thalj of Aristaroluis is so ingenious 
and simple that it really deserved to bo buccoa.sfid. WJion tho moon 
is exactly at tho half phaao, the angle at AT (Fig. 184) must l.io Jimt 
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OO , mul ilio iingio aEM unisfc equal MSB. If, then, »ro can find 

/din If ^ 

•'!> fi to hedf the dllference will measure AM, and 

f/uf. fht nu^jl,, at S. Ai'wtnvchns conclude<l that the first quarter of 
.0 inontlT WU8 iuet about twelve hours sliortcr than the second, so 
IliiLu^l j/ wj\i^ humanreO by ’ 

HiK honm' motion of tbo 
uu)f>n, or i\ littUi loss than 
llnnoo, ho Couvul 
Iho ttiHlunno of tho snn, 

(n ho ulu>nl ni notoon times 

hM < — ^ [I valiio ahHiU’clly Fia, 



r 



V' 
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tSIit IA it* fact AiieliucUwe’ M.-Umd of DctmnltilugUic Sun's 
n‘'iiHy but) limes iJiV. Tho 

nnil tVhYiMHnu'u Virtwcon the two quartcis of the moiUh is only about 
liuU nil hour, inn toad of twelve houi's. 

'1 ho dUIUniUy witli tho method is that, owing to the rsggecl and 
l>niknn idmniotov of the Tinmr ^uvfaee, it is impossible to observe 
die nnmunibof half moon with Buttloieiit accuracy. 


071. M'iui (isliiimlic of Hippavcims was based upon the erroneous calcu- 
lid-ion of Anuliirclius tliat tho snu^a distance is 19 times the moon's, and the 
K<jtav pjiniilax, Ihnrnforo, of the moon's parallax, 

*rhn “radius of tho Garth's shadow," w'here the moon cuts it at a lunar 
‘•cUpHin in given, as Ilipxmvchua knew, by the formula p=iP+/;-iS (Art. 
b? U ) I or P -I- p^p -I- S . Assuming that P = 19 p, we have 20p == p + Now 
,S, Ibn a\iu’s Honii-dinniGier, is about 15'; and from the duration of lunar 
eelipHi^H lUppnrohus found p to be about 40'; hence he obtained for p, the 
sohiv iiuralhiXi a value a little loss tiian 3', which, as has been already men- 
iiinuHl, ^VUH tiocnptcd by Ptolemy, and by succeeding astronomers for more 
lhiin inut) yours, (Wolf's “ History of Astronomy/' p, 175,) 

OYa. Of tho Oeottiotrioal Methods, A, the direct method** con- 
hJhLh in oliaorvi ng the snn*» apparent declination with the meridian 
iuredii ut two HfcaUonB widely differing in latitude, just as we observe 
Ihn nujon when (Inding its parallax (Art. 239), Theoretically, 
obMiivviiUoiifl of this sort uiiglit give the value of the sin/s parallax 
wltiiin I ** or so, but tlie method is practically worthless, because 
tlio errors of observation are large os compared with the quantity 
ii> bo doterminod. The sun’s limb is a very bad object to point on, 
und bosidcs, Its heat disturbs the adjustments of the instiiimen , us 
rondo ring the obBervations still more iuaccural04 
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873, Tho first of tho two inothodH of obBorviiij^ Liio \)humt Hiirn 
is precisely the saiiio ea this direct method of obHcrvin^ llio huh ^ 
but the distance of Mava at a “ noar oppoHUion*’ ia only a iilllc 
more than ^ that of the aim, ao that error of (d>Htu’viilLon 
affects the final roaulb by only nljout J- as imioh; iiiul, 

Mars ia a very good object to observe, ao that tho ori'ors of obnorva- 
tioii them sol vea nro much Icsaoncd. Tho piano t’a cl I a tan ce frinii 
the earth having been found in astioiiomical unita by tho motlioil 
of Art. 516, tho detormi nation of its distance in mlloa will (lx Uin 
Yolno of this unit, and so givo ua directly tho ann*H dlsLaiieo luul 
parallax. 

Tlio motliod requires two observers working at a cllatanco from emfii 
otlier with different mati-umcnta, which is a sorlous dlsadvantal^ci. 

For some unexplained ronaon, observations of this sort sooni almost iu\'n- 
riably to give too largo a result for tho solar » parallax, a v<! raging beUvi'on 
8". 00 and 8", 08. Tho rod color of tho iilauot may i><)RHibly ]iav(\ sonndlibig 
to do with this by affeoting the astvoiiomical rofraotioii. Tins nietli(Ml, In 
1080, WR5 tho fii'flt to givo a I'easonaSle approximation U) tho Bun’s Iran 
distance, as has been mentioned before, 

The planet Venus can bo observed in tlio aaiim way, and liUH lioou oiiiio 
so observed by Gillis, 1840-62, at Santiago, Chill, in C(j-oporallon wdth llio 
Washington obaervera, but tho result wns not very Hatlsfaotory. 

674. Heliometer Observations of Mai’s (Method 6).— It la pos- 
sible, however, for a single observer to obtain hotter rcaullu than 
can be got by two or more uaing tho preceding method. Knp|K)He 
that tho orbital motion of Mars is suspended for a while at oppo- 
sition, and that the planet Is on or near the celeBtial eipuilor ; 



Fig. 18B. — Eflocl of PflrnMftx on ihe Rlglil AiconHion of htara. 


and also that tlio observei' is at ii station, 0, on tim oai'lli'a 
equator. AVhen Mars is rising at M., Fig. 185, tho ]ioilx,.,iiUil 
paiallaz OM,Q dopresscs the plnnot; that Is, ho appears from 0 to 
be further east than he wonld If seen from O, tho contrn of Iho 
earth ; so that tho parallax then increases tho plaiiot’s riglit asoon- 
slou. Twelve houra later, when ho ie sotting, tho parallax will 
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throw him towards the west^ cUviinishing his right ascension by the 
Haino umouiit. If, then, when the planet is rising, we measure care- 
fully its diatanco west of a star which is supposed to be just east 
of it (tho distance M^S in Fig. 18G), and then measure the distance 
from the same star again when it is setting, the diftbrence will 
give us twice the hori74ontal parallax. The earth’s rotation will 
luivo performed for the observer the function of a long journey in 
tnui sporting him from one station to another 8000 miles away in a 
straight line. 


676, Of course the observations arc not practically limited to the 
monumt when tho planet is just rising, nor is it necessary that the 
star mcfisured from should bo exactly oast or west of tlie planet. 
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Measures from a nimher of the 
neighboring stars, /Sa, and 

w()\dd fix tho positions and 
jl/;, with more accuracy than moas- 
iires from S alone. Nor will ti|e 
planet ntop in its orbit to be ob- 
served, nor will it luive a declina- 
tion of 55ero, nor can tho observer 
command a station exactly on the 
ourth’s equator. But these varia- 
tions from tlio ideal conditions do 
not at all afTcct the principles in- 
volved ; they simply complicate the 
calculations slightly without com- 
promising their aceiu'acy, 

Tho method has the very great 
advantugo that all the observations 
are mnilo by one person, and with 

one iiiHtruinont, so that, as far as can be soon, all errors that could 
aflhet tho result are very thoroughly eliminated. 

676, T’iio most elaborate detormiimtion of tho solar parallax yet made 
l)Y tliis mctliod is that of Mr, Gill, who was sent out for the purpose by the 
Uoyiil Astvoiiomical Society in 1877 to Aaconsion lalaiul in the Atlantic 
Ocean. Ilia iwiilt, from 850 aota of measurements, gives a solar parallax 
of — a result probably very close to the truth, thoiigh pos^ 

slbly a little mnall. In 1892 and 180d- favorable oppositions of Mars will 
<,ccm’ again,an(litis quite likely that the observations will be repeated on 
a so ale even more extensive. 


. Fig, 180 . 

AUci'ometrio Comanrlaou of Mars with Neigh* 
boring Slavs. 
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VomiH cannot bu observed in this ^Ylly, Hh\w oitliei' liur rhhi^ or 8tsi 
is ill tile (btyLiino, when fcliQ small stnvH cannot be saen near liev; bii 
nearer asteroids can bo utilized by tliis nietliod. As they are nioi'o din 
liowQvor, than Mai’S, a given error in obHorvalion produee.H a larger 
error in the result. 

677. Tho Heliometer, — Tho holiomotor, iho iiiHti'umont oinployi 
fcliQSQ inoasuros, is one of tho most important of tho niodorn insLi'uiiion 
precision. As its name implies, it was ilrst designed to moiiHiiro tluj diaii 
of the flim, but it is now u«od to inensnvo any disUinco ranging : 
a few minutes up to ono or two degrees, which it docs witli tho saino j 
raoy ns that with wiiioli tlio filar mioroinotor inousuros diatancos of a 
seconds, It is a double imago ’* in ioi’o motor, made by dividing tlio ol 
glass of a toloacoiw along its diamotor, an h 1 
in Fig, 187 . Tho two halves aro so mm in tod 
they oaii fllido by each other for a dlatnnco of 1 
or four Inches, tho separation of tho control I 
accurately measured by a dell onto scale, or 
inioroiiiotor screw oiwratod and read by a siii 
avrangoinonb :^|^in the oyc-oud, 'L'lio iiistrin 
la mounted oquatorially with cloolc-w'ork, mu 
tubo can bo tiiniod in its cradle ho as to i 
the lino of division of tho leiisoa lie in any tlcB 
direction, A^^hon tho centres of the two biitv 
tlio obJect-glosH coin cl do, tho wholn luits as a h 
I ons, giving but one image of oaoli object or 
in the bold of view, As .soon as tho contras aro Hoparatod, oaoli bn 
tho objeob-glass fonn.s its own imago, 

To measiiro tho distance from Mam to a star, tho tolesooj^xi tubo iw Li 
so that tbo lino of centres points in tho right direction, and tlioii tbo . 
lenses avOy separated until ono of tho two images of tho star comes oxaol 
tho coufcro of ono of the images of Mars j this can bo clone in two poHi 
of tlie semid^nB A with rospeob to 23, aa shown by tho figure, Wo 
either mako Sq (tho imago of tiio star formed by soml-lons 23) coiiioidu 
d/i loriiied by A, or make ooinoido with Tho wliolo distance 
1 to 2 then measuTes lioice tho (llstanco between AT and S. 

678. Ti^anait of Venus ObservationB. — At tho time when V 
priBsoB betwQoa iia mul tho sun, her clistauco from tho earth la 
somo 26,000000 of miles, so that her horizontal parallax is n- 
four tlmos ns groat ns that of tho buu itself. At this tlmo hor 
ent dUpla cement upon the siin^s cIIbc, cIug to n change of tho ob. 
er'B station ni}on tlio earth, la the differmce botwooii her own par 
due to this cllsplaccment, and that of the sun Itself ; and this cl 
enoe is greater than tho sun’s parallax nearly in the ratio of 



Ifio. 187. —The llDlloniolcr. 
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1 , or, more exactly, of 723 to 277, The object, then, of the observa- 
lioHH of [\ transit is to obtain in some way ii measure of the angular 
aiHl>hu5einent of Yenns on the sun’s disc, corresponcliug to the known 
cUrttauco between tho observer’s stations upon the earth. 


670. Halley's Method. — Tlie method proposed by Halloy, who in 
Ui77 brought to notice tho great advantages presented l.)y a transit of 
Vemmjfor detennining tho sun’s piiralhix, was as follows: Two sta- 
tions arc ohoson upon tlie earth’s surface, as far separated in latitude 
us possiblo. From them we observe the 'dara^io?i of the transit; 
that iH, tiio interval of time between its begitniing and cud, both of 
wbicli must be visible at both stations, If the clock runs correctly 
during the few hours during which the 
IriinMit lusts, this is all that is necessary. 

AVn do not need to know its error in 
reforeiujo to Greenwich time, nor oven in - ' 
roj^peet to the local time, except roughly. 

This was a great advantage of tljp method 
in tlioso days, before tho era of cliro- 
iKunotorH, wluui the determination of tho 
longitude of a place was a very diflleult , 
ami uncertain oporatU^n. Tho observa- 
Lion to 1)0 miulo la simply to note the (,om« 0 Wl.inTvn,.«Uot Venn., 
clock time at which contact** occurs, 

tiicro being four of tbcao contacts, — two exterior and two internal, 
id tiio points marked 1, 2, 3, d-, in Fig, 188. Halloy depended 
imdnly on the two internal contacts, which ho supposed could he 
(ilmorvcd with an error not exceeding one second of time. 



080, Computation of the Parallax. — Having the durations of the 
triiUHlts at the two stations, and knowing the hourly angular motion 
of Vemis, wo have at once and very accurately the length of tho two 



cliords dcsorihod by Venns upon tho sun, expressed 5ii seconds of 
arc. AYc also know tlic sun’s semi ^diameter in seconds, and hence 
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in tho trianglea (Fig. 189) Sab and Sde^ wo can coinpiito tlio Iciiglli 
(ill seconds still) of Sb and Se, tlio diffcronco of which, be^ is tliu 
displace 111 ent sought, due to tho distance between tlio 8 tat ions on tlm 
eartli,^ The virtiinl baao line is, of course, not tho distance botwinni 
B and i? as a straight line, hocause tlmt line is not per pond ieular to 
the line of siglit from tho earth to Venns, nor to tlio iilnno of the 
planet’s orbit, bnt the true vahio to bo used is easily fouiuh CiiUhig 
this base line we have 


[bey X 



Y being the rndiiis of the earth. 

The rotation of the earth, of conrao, comes in to shift tho pUic(JS 
of E and B during tho transit, bnt this can easily bo allowed for. 

% 

681. The Blaok Drop, — Halley cxpoctod, as has been said, that 
It would he possible to observo the instant of internal contact within 
n single second of time, but ho rotikoncd witli- 
out his host. At the transits of 1791 mid 
1769, at most of the stations tho planet at 
the time of Internal contnot sliowed a liga- 
ment’* or black drop,* like Fig. 190, Instead 
of presenting tho appoaraiico of a round disc 
neatly touching tlie edge of tho sun ; and Llic 
Fig. iBo.— Tho Bificb Drop, time of real contact was thns made doubtful 
by 10' or 16". 



This ligament dei>eiula upon the fact that tho optical odgo of the 
image of a brigiit body ia not, and in tho nature of tilings cannot lie, abno- 
hitoly slmrp in the eye or in the teleacoiio. Tii the oyo itself wo have 
hradiatioiu Tn the teleacope we liave tho diRlonlty tlmt oven in a per/evt 
instrument the imago of a luminous point or line ban a certain width (whicli 


In order that the method may bo praetlonlly Bucuoasfnl, It is iioccsBiiry Hint 
ho tranBit trhckahoirfd lie near the edge of tlio Bun^a disc, for two renfloiia. It 
is dealrable that the duraHon ahould not be more than ^hreo or four houra, 
while for a ceub’ul iranalt It laBts eight houra (Art. 676 ). Moreover, if tiio two 
c lor B were near the centre of the disc, any amnll error in tlio- length of oilliGr 
Wlipn u ^ a great error In the computed dlatnnco hetwoen tiioni. 

the reverb uV" ^ (which haa been tho oftBG In all rooont tranBltfl), 

hnlT 17 V " observed length of one of tlm 

chorda atTeola tlieir computed diatance only allglitly. 
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\vith a given magnifying po^YOl• is less for a large instrumeiifc). Moreover 
a Hilescopn is usually more or less imperfect, and practically adds other 
ilofec^lH of tlofinitioii, so that whonevor the limbs of two objects approach 
naoh (^thov in tlio field of vioNV 
of u teloHt*np)o wo have more or 
hiSH distortion duo to tho over- 
lapping of tho two “ponum- 
hvus of iiuporfoct dtdlnitiou/* 

* — tho snmo sort of offoefc that 
is ohlahuHl by putting tho 
thumb and finger in contact, 
holding Uiom up within two 
or Ibnui inches of the oyo and 
tbon separating them : as they 
w^paraio, a ligament** 

will )m soon hotweon them. 

AVith in taler n telescopos, and 
by great enro in preventing tho 
snii*H imago from hoing too 
bright, so as to diminish tmuH- 
ittioii in Ihe eye as far as pos- 
sible, tlm black drop was re- of Vmnja naavcu amiuaa 

tlnced to mason ably small pro- TiwiHit. (Vogoi, I 882 .) 

portions in 1874 and 18B2, and 

practice lioforehand with an ** artillcial transit** enabled the observer in some 
(Icigreo to allow for its effect. But a now difUciilty appeared, from wliich 
ihm\ movm to lio ahsoliitolyno way of O8capo,--tho planeOs atmosphere 
causes it io he smronmied hy a luminous rim/ as it enters upon tho sun*8 
ilist!, aiul thus rondo rs tho time of Uio contact uncertain by at least five 
or six sttcniids. Tn both tlio transits ot 1874 and 1882, differences of that 
jLi noun if continually appeared among tlio results of the best observeis. big. 
Ibl shows tho appearances duo to this cause as observed by A^ogel in 1882. 



680. Belislo’s Method. —Ilulloy’s method requires the use of 
BtatloiiH, uncomfortable and hard to roach, and also that the weather 
Bliould permit tho observer to sco hath tho bogimung* and end of the 

traiiHlt, » , 

DoMbIg’b method, on tlio other hand, utilizes two stations near the 

equator t tflkon oiv^h, lino ronglily parallol to the planet’s motipn. It 
voqulro» also that tho observors shozthl hmo their longitude accurately, 
HQ as to bo able to (.lotermine tho Greenwich timo at any moment ! 
but It does not require that they shoukl sco both the begimiing and 
end of tbo transit; observations of either phase can bo utilized: anc 
this Is « gi'oat advantage. Suppose, tlien (Fig. 192), that the 








^86 DliTOllMtNATlOJ^ 01^ SOn’h l)I.S*rAK(Jl*]. 

aliafttv^c on ouft aide of tlio oiivth notes tlio in{)inenl of hitiii’iial 
contnefc in Gveenwlcli time, tlio plnnofc tlten \\% Vi« Whmi 

notes the contact (also in Greenwich time) tlio idnnol; wW nb 
and the angle at V will bo tho angului’ dliunotoi' c>r tlio ourtli as hooh 



from D; Le,y stmpl^ iwice (ho sun ^9 jwctUax, Now blu) angle l> 5h at 
onoe detertnlned by tho time occupied by VeiiUH In p/iBHing fj'ook Vf 
to eindo in 584 dnys (tlio synodic period) Blui inoves (^omjdolrc)^' 
mimd from the line I>W to the same lino again. If tlio Lime fi’nijj 
Vi fo V% were twelve minutes, wo should Had tlio angle at J) Lo In* 

683 , Heliometer Observationa. — Inalond of obnorvlng Hlmply llm 
of coatace, niuf leaving the rest of tlio trnunit uniifcill/cil, mh in 

tlio two preceding methorls, it is possible to make n conMniJoaH HorioH 
of measuroiaonts of tho distanoo and dlroetlon of tho jjhuiat fl’oai tho 
nearest point of tho sun's limb. Thoso uumsuromonliH are bent ninrJo 
with the hcliomctov (Art. 677), ami give tho nienim of clalm-nd^ib/g- 
the p/auof's apparent poalLion upon dim at any moiiuaiL 

with exbroino precision. Such .sots of /naastfrmnonfK, mmle at wl<bdy 
separated stations, will thus furiilsli ncoUrato clotonnlnaUonrt^if ilia 
apparent clisplncemout of tho plauot on tho sun*fl diHo, cori’OHpoadln;^ 
to known distances oji the earth, and bo wiK glvo tlia Holur parallax^ 

Dm*ing tho tmuait of 1S82 exfoiisivo acrloa of obsorvatloiiH of IIiIm 
sort were made by iho parties, two of whloli ^vd'C In ilui 

bnited States, — ono at Hartford,. Conn., aiid tlio other at Sun 
Antonio, Texas, The reaidts have not yet (Auguat, 1888) hoMW 
publlBhed, but tboy will sooa apponr, and it Is understood that tlmy 
are eoiisidcvably woi^e aocovdawt than thoso obtained by any olJjtJv 
method of obseiwa tio a. 

684 , Piotographfo ObBervations* ' — The heUouioter uuMvKuvamoid>i 
cannot "be raarle veiy rapWly. UncTcr tlio most /(ivomlilo dli-dmu- 
fitnneefe n complete set reqiiiraa nt least fifteen inlnntos, so tliat tlio 
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wholo numb or obtain ablo during the soven or eight hours of the 
transit is (luitc liinitecl. Photographs, on the other hand, can be 
imulo with groat rapidity (if necessary, at the rate of two a minute), 
mid then after the transit we can measure at leisure the position of 
the planet on the sun’s diso as shown upon the plate. At first sight 
111 in method tii>i)cars extremely promising, and in 1874 great reliance 
wuH plaeed upon it, Nearly all the parties, some fifty in number, 
were providetl with elaborate photographic apparatus of various 
IcindH. On tiio wliole, however, the results, upon discussion, appear 
to be no more accordant than those obtained by other methods, so 
tluit in 1882 the method was generally abandoned, and used only by 
the Ainorkinii parties, who einiiloycd an apparatus having some 
peculiar mhfltntages of its own. 


686. English, German, and Ej;enoh Methods. — In 1874, the English 
piivtiiSH used tolosoopes of six or seven inches aperture, and magnified the 
image of the auu formed by tiio object-glass by a combination of lenses 
applied at the oye^ond, 'I'hero were no special appliances for eliminating the 
distortion produced by tlnumlarging lenses, nor for ascertaining the exact 
orientation of the picture, (that is, the direction of the imago upon the plate 
with ndiu'encc to iiortli and south), nor for determining its scale. 

4’lie (lerinatis and llnssians employed a nearly similar apparatus, but 
with the impcji'laut difference that at the x>rincipal focus of tlie object-glass 
they insovtod ii plate of glass ruled with squares. These square.s are photo- 
graphed upon tlie imago of the sun, and furnish a very satisfactory means 
of dei(U'unnin^‘ the scale and distortion, if any, of the image. Tlie object- 
gl asses used by the English and tlm Germans liad a focallength of seven 
nr eight hsoL. The French (uuployed object-glasses with a focal length of 
Komo fonrteoii foot, l\w telescope being horizontal, while the rays of 
Nvort^ relhusUnl into it by a piano mirror; instead of glass plates they used the 
old-faHhionod metallic daguerreotype xdates, in order to avoid any possible 
cretqiiug " (>£ the collodion film, which was feared in the more modern we1> 
plate proci^sH. 'riie French plates furnish, however, no acouvato orientation 

id’ tlie. pieturft- 


686 Tho American Apparatus. — The Ammicans used e similar plan, 
with some modifioivtions ami additions. The telescope lenses employed were 
Jive inelioH in diainotor and lorty feet in focal length, so that the linage 
divnetly forma.l upon tho plate was about 4J inches in diameter, and needed 
no eiilargonuMit. Tho telescoiie was placed horr/.ontal and m the meudian, 
its oxmit^Urootion lieiiig delenninablo by a .small transit jnstruinont whic 
1 momite.1 in such a iLiuer that it emdd look 
Hcopc. as into a collimator, when tho reflector was f ; 

itself was n i.lann mirror of unsilverod glass driven by clock-noik. Fig. 
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shows 'the avrangeiuetit of ll>o apparatus. lu fi'ui'l: pluitograpliii! 

plate, and close to it, was supported a glass plato ruled witli siiuariis nallnt 
the “reticle plate,” and in the narrow si>aco between this and tlio pliotogrnpli 



Fia. 193.^ Amorlcnn AppninliiB for PliolOHrapUinK (lio Tnitiall of Voniie, 


plate was suapended a plumb-lino of Aiio nilvor wire, tlio iiiuig'o nl' wUi<?li 
appeared upon the plato, and gavo tho means of detonnlniiig tlu^oriouiatioii 



of the linagnwilili oxtvonui 
preoision* .Tf I ho ndh'o- 
tor worn, and would ooii* 
timuj to l)(‘, perfiivthj iilatw 
through tho wiiolo opura- 
tion, tho method could 
not fail to give oxtronudy 
accuvato results; hut tho 
moasurmmuits and disoiis- 
ftiou of tho obsovvatinim 
scorn to show that iJiiH 
mirror was actually <liH* 
tor tod to a cousidoi'iibhj 
oxtoiit by tho rays of Dhu 
suu. On tho wholo ihn 
American plates do not 
appear to bo muoii innro 
trustworthy fclinu thosn 
ohtaino<i*by other meth- 


ods, l*'ig, IM is a re- 
duced copy of one of the photographs made at Princeton during tho transit 
of 1889. The black diao near the middle, with a bright spot in tho coiitro, 
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ifl tho imago of a metal disc cemented to the reticle to mark the centre lineii 
of the reticle plate ; 102 plates were taken during the transit, and at some ot 
the stations whore the weather was good the number was much greater — 
nearly 800 in some cases » 

The diflicullios to be encountered aro luiinerons. Pliotographic irradiation, 
or the spread oE the imago on the plate, slight distortion of the image by the 
louses or mirrors employed, irregularities of atmospheric refraction, uncer- 
tainly us to the precise scale of the incture, — all these present themselves 
in 11 vm*y formidable manner. It is obvious why this should be so, when we 
r(^caU lilmt on a four-inch picture of tho sun’s disc, xrViny 
Hponds to about a second of arcr and the Avholo uncertainty as to tho 
Hohir parallax docs not amount to as much as that. An image of the sun, 
tUorofovo, in which the position of Yemis upon tho sun’s disc cannot be 
(hdormtnod accurately without an error exceeding of an inch, is of 

vovy little vahie. Imperfections that would be of no account whatever in 
]>lntos taken for any other purpose make them practically worthless for 

thiH. V 

Still tlioro is reason to hope that considering the enornions number of 
photographs made in 1874 and 1882 (certainly not leas tlian 5000 in all), 
tho result to bo obtained from such a mass of material will prove to be 
worth sonndhing. 

Gravitational Methods. — The»c are too recoiullte to permit any 
full explanation bore. AYe can only indicate briefly the principles 
involved. 


087. (1) The first of these methods is by i\\Q moon* 8 parallactic 

imHjuulilih an ivregulni'ity in the moon’s motion wliieli has received 
thin name, becanso by means of it the sun’s pnrnllax can be cleter- 
ininoil. It depends upon tlm fact that the sun’s cliaturbing action 
upon tho moon differs sensibly from what it would be if its distance, 
instead of being loss than 400 times that of the moon from the earth, 


worn in/inildij groat. 7 • 7 

Th&mmUwj aclion npon the half of the moons orbit M lies 

murest the sun is ,jreale.r than on the opposite half of abe 

retarding action of the tangential force, therefore, < ^ • 

quarter after now moon, is perceptibly greater than 

produced during tl»o second quarter (Art. , , 1 . ' 2 ' behind 

third quarters respectively, the moon is a httle inove ton 2 behuul 

nnd allead of tlio place she would occupy if the J 

equal in all four quadrants of the orbit-as they would “ 

Itanco were inllnitc. This puts the ^m.t T tWrd • S 
hehiMlhcml at the flrst quarter, and ns 

^'Ihe centre of the moon could he observed wtlhin a fi action of a second 
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of arc (as it could if bIio woro a more point of light like n Btar)» iliQ 
obaervatiouB would give a very acciiratxj dotorniiimtlou of the huii'h 
dlatancQ. The irregiiiaritloa of the moon^s Ihiili, howover, ami Hat 
worse fact, that at the first qinirtoi* wo obHorvo tlie limb, whilu 

at the third qiiartoi* It is the eaHlmi one whlcli alono Ih (>bs(U'viiblu, 
make tho roBult Boiuewhat uncertain, though tho mctiiod oortiilnly 
I'anka high. 

088. (2) The lunar equation of the sun's moi ton” Uf \l \y\]\ ho vnnumi- 

bered, an apparent slight monthly diRplaooinont of tho auu, amoimting 
about 0'',3, and due to tho fact that both earth and moon rovolvo ui'nuud tlicii’ 
common centre of gravity* It ie genorally inado uho of (Art. t2dJl) to dnbn-* 
mine tho inaaa of tho moon ns oomparod with that of the oarlli, iiHlng ns ii 
datum the ossunied known distance of tlio Him; but If >yo ooiiKldor tho jiuisj 
of the moon as known (dotormlnod by the tides, for iuHtiuico), tliun wo rim 
find the sun’s parallax^ in ternjs of tho lunar equation. 

Tho method is not a good ono, sinoo Hio solar parallax, Ih gruaior 
tlmn tho quantity by inenns of which it is dotorniljiod. 

689, (3) The third methot} (by the earth* s ^wlitrhaluina of Venua 
and Mars) is ono of tho most important of tho wliolo list. It (hi- 
pends upon the pHnciplo that if tho wcw ?.9 of tho oartli, ns coniinirod 
with tliat of tho aim, bo aceuratoly known, then tlui (ItHtunco ol* thn 
sun can be found at once. Tho reader will r{ 3 nioinbor that in j\i‘L 
278 the mass of tho sun wns fiiiincl l)y conipuring tho (llHijiiKtr 
wlilcli the earth falls towards tho Bini in a bocuikI (iib inoasunul hy 
tho curvature of hor orbit) with tlio forco of gravity at tho oiu’lh's 
surface ; aud in tho caloulation the sunk dlstancii on tors as a iiocu'H- 
sary datum, Now, if wo know indopoiuloutly the huh^h mans cinn^ 
pared with the earlk^Sy tho dlstaiioo bocoiiioa tho only unknown quan- 
tity,, and can ho found from tho othor data. 

In the Bftiuo way ns in Ai't. 1380 wo have 

In wliicli S and B are tlio maasos of Hio min and onrHt, T) U ilin moan 

1 Putting L lor tho maximum value of tlio lunar ctiuatloii (about 0",!1 of airb 
P for tUa >un’a parallax, and R and r for tho dlstaiioo of tho moon and tlio miinl. 
diameter of tho earth respectively, wo have tho equation 
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atHtmiee of iho earth rroiii the sun, and T the number of seconds in n year. 
Also wo have for the forco of gravity at the earth’s surface, 

= or E=.,jr\ 

lu whiuU r is the earth’s radius. 

Uividiiig tho preceding oiination by this, wo get 

<S-I- E _ 

E 9T\r‘‘)' 

I£ wo i>ut ™ ” il/, this ImcomcR 

In tln» oquation ovoryiliing in tho aecoiul temi is Iniown when we have 
onco foutul Mi or tho I'ntio between tho masses of tho sun ami earth; y is 
foinnl by pendulum obHovvntioiis on tho earth, T is the length of the year 
in HQCoude, and r is tho oar Lids radius. 


Now, tlio (liatiirbing force of tho cnvth iipoii its next neighbors, 
Mars iind Vonns, depends directly upon its mass as compared with 
the Huii^fl mass, mid tho ratio of tlie masses can bo determined when 
tlie perturbations have been accurately aacertaiued ; though the cal- 
(juhitiou is, of course, anything but simple. But the great beauty of 
thcj method lies in this, that as time goes on, and the effect of the 
earth upon tho revolution of the nodes and apsides of the neighbor- 
ing oi'luts aceunudatos, the determination of the Garih^s mass in terms 
of the sun* 3 heoomes conUmiaHy and cimidatively more precise. Even 
at pvcHont tho mctliod ranhs high for accuracy, — so high that Lever- 
rler, who lirst dovolopod it, would have nothing to do with the transit 
of Venus observations in 1874, declaring that all such old-fashioned 
Avays of getting at the sun’s parallax Avere relatively of no value. 
The nudhod is tho method of thefuture^'* and two or three hundred 
years hence will have superseded all tho others, — unless indeed it 
should appear that bodies at present unknoAvn are interfering with 
(he moA^'ciuoutB of our neighboring planets, or unless it should turn 
out that tho law of gravitation is not quite so simple as it is now 
supposed to bo. 

690. The Physical Method. —The physical, ov phoio-tachy-metn- 
caV* method, as it has been dubbed, depends upon the fundamental 
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tissTimptioii iliat llglit tmvola In intorplimolary apnco wltli 1\h) hiuiio 
velocity Oft in vacuo. This is certainly very nuiuly true, luul prob- 
ably exactly so, tliough wo oaimot yet prove U. 

By tliQ recoil t experiments of Mlchclaou aiul Nowtioml) in Mils 
country, following the general method of Fouaiiiilt, tbo velocity oC 
llglit liiis boon ascertained with very great prcelHloii and iniiv be 
taken as 299,860 kilometres, or 186,880 inlloa, with a priibahlo nrror 
which cannot well be as groat as twenty -live inlloti oUher way. 

69L Sun's Dhtonoe from the Eq[uation of Light. — (1) “ Thn 
equation of light'* is the time ooouplod by liglit hi Iravollliig boLwtien 
the 8UU and earth, and Is determined by obsorvatlon of the oellpwim 
of Jupiter’s Batellltes (Art. G29). By simply multiplying thn voloe- 
ity of light by this time (499"±2*) wo Imvo nt onoo tlm siinV din- 
tanoe ; and that indoponclont of all knowledge as to Uie earth’s dlincin- 
elons. Tbo reader will romombor, however, that the determiiuiLi^ni 
of tills light-eqnatloir^ is not yot bo satisfactory as doslrabln on 
account of tlie 1iulc6nito nature of the coUi )80 obBcrvutlonH IuvoIvimI. 

693. From the Constant of Aberration, — (2) Wluui wo know lIuj 
velocity of light wo can also derive tlie sun’s distance from tlio 

constant of abemUiony'' and this constant, 20'^^{02, durived from 
star observations (Art. 226), Is known with a eoiisichjrably blglioi- 
percentage of acciuaoy than the light- equation. 

Calling the ooustaut a, we have 

ten a =i 

where Cf is tlie velocity of the earth hi its orbit, ami vehudty 

of light. Now U equals tho clrcumferoncio of the cartldH orbit 
divided by the length of the ymvj /.e., 

T ' 

^^enoo taua«^, 

YT 

and j) ^ hm g ^ ^ ^ 

2 7r 

On the whole tt seems likely at present that the valno of tlio sun's (lis- 
t^nce tluLS derived Is tho most aooiirato of all, Using a niid 
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Ki=3l80,i330 miles, we have Z)=5s 02,975,500 miles, anti takmg the 
eaith*s equaloiuil muIuib as OObO 295 miles (Claike, 1878), we get 
8'^ 793 as the sun’s eqnatoihil hoii/.onttil paialla\» 

693 The veadei* will nolico that the ymmeUical methods give the 
dislaiiee ol the aim duecthj^ apait from all hypothesis oi assumption, 
except as to tlie accuiacy of the observations themselves, and of then 
necessary collections foi lofiaction, etc the {/um^a^iona^ "^methods, 
on the other hand, assume the exactness of the law of gravitation, 
and the p/n/s^caZ method assumes that light tiavels in space with 
the same velocity as in oui tcrresliial expenments The near aceoxd- 
ance of the iohiiUh obtained by the diffeieut methods shows that 
those assumptions must bo veiy iieaily coiicct, if not absolutely so* 
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CHAPTER XVII. 

COjrUTS : *THBIR KUMlimt, iMOTIONS, AND OUlllTS. — TflKlll (ION- 

STITUENT TAIITS AND APPRAllANOE. — 'L'liuril HL’KOTJIA. — 

THEm PHYSICAL CONSTITUTION, AND OIlIfUN. 

694. From tlmo to time bodloa of a vory dllTei'iint diiu’actoi’ from 
the plttiiets make thoir appearanoo In the lionvoiiH, I'omiiln vlHlblii 
for soino weelca or months, move over a longer or Hliortor piitli (inioiig 
the stars, and tlton vanish. Tliose are the C<)Jin'r.a, or “ liairij 
as the word moons, slnco tho nppoaranco of such ns aro bright 
enough to be visible to tho naked eye Is that of a alar mirroiiiuled 
by a hazy olond, and usually carrying with It a strtiiiming, trail of 
light. Some of them have bcon magnineent objects, — the muileiiH, 
or centi’al star, as brilliant ns Venus and visiblo oven by day, while 
the cloudy bead was nearly ns largo as tho sun itself, and the tail 
extended from tlio horizon to the zenltli, — a train of Bblnlng Bub- 
stance long enough to renoh from tho earth to the win. Tlio major- 
ity of comets, however, are faint, and visiblo only with a telescope. 

696. SnperfltitionB. — In ancient times those bodies worn regarded 
with great alarm ami aver.sion, being oonsidorocl from tho aHtrologleal point 
of view 09 always ominous of evil. Their appenvanoo was supismed lo 
presage war, or pestilenoe, or tho death of priiioes. Those uotloiis have 
survivwl until very recant times with more or loss vigor, but, It is liardly 
necessary to say, without tho Ica.st reason. The most oiiretiil resonroh fails 
to show any effect upon tho earth produced by n comet, oven of tho liirgitHt 
size. Tliero is no observable ohnngo of temperaturo or of niiy meteoro- 
logical condition, nor any effect upon vegetable or milnial life. 

696. Number of Oometa.-Thns far wo liavc on our lists about 
050 different comets. About 400 of those wore reuorded prevhais to 
1000, before tlio invention of tho telescope, and must, of course, 
have been bright enough to attract the attention of tim naked eve. 
Since that time the number annually observed Ims IncrenHed very 
greatly, for only a few of these bodies, porbaps one In Hvo, aro 
visible without telescopic aid. Tliolr total numbor must bo emor* 
mons. Not unfreqnently from llvo to eight arc diseovored In a 
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y ingle yetir, and there is seldom a day wh'eu one or more is not in 
sight* 

While telescopic comets, however, are thus numerous, brilliant 
ones are compiiratively rare. lietwcon 11300 and 1800 timre were, 
according to Newcomb, 79 visible to tlio naked eye, or about one 
in throe and throe -fourtlis years. Humboldt enumerates 43 witliin 
the same period as consjyicuous ; during the Urst half of t]ie present 
(;eutnry there were 9 such, and since ^1850 there have been 11, Since, 
and including, 1880 wo have had 7, — a rennivkablo miinber for so 
sluivt a time, — and two of them, the principal comet of 1881 and 
the great comet of 1882, were unusually flue ones. In August, 1881, 
for a little time two comets were conspicuously visible to the naked 
eye at oimo and near togetlior in the sky, a thing almost if nob quite 
unprecedented. 

697. Designation of Oomets. — The more remarkable ones gen- 
erally boar the name of their discoverer, or of soine aBtroiiomov who 
made important invostigations relating to them, — ns for Instance, 
Halley's, Kneko's, and Donati's comets, They are also designated 
by the year of discovery, with a Roman numl)or indicating the order 
of perihelion passage, A third method of designation is by year and 
letter^, the letters denoting the order iii wliicli the comets of a given 
year wore discovered. Thus Donati’s comet was both comet F and 
comet VT, 1858. Comet I is, however, not necesaarily comet A, 
though it usually is so, Tn some cases the comet boars the name 
of two diHcovovcrs, Tlius the Pons-Brooks cornet of 1883 is a 
comet which was discovered by I’ona in 1812, and at its return in 
1883 was discovered by Brooks. 

698. The Disoovery of Oomets. — As a i-ulo those bodies are ilrsfe seen 

by comoti-lnmtors, who make n business of searching for them. For such 
purposes they are usually provided with a telescope known as a ^^comet- 
seokoiV* having an aperture of from four to six inches, witli an oye-X)ieoo of 
low power, and a largo Hold of view. IVlion first scon, a comet is usually 
a move roundish patch of faintly luminous cloud, which, if really a comet, 
will ^reveal its true chavactov within an hour or two by its motion. Some 
observers have found a great mnnhor of tlieso bodies. Messier discovered 
thirteen between 1700 and 1708, and Pons twonty-sovou botwcon 1800 and 
1827. ' , 

t 699. Duration of Visibility, and Brightness, ---ThG time during 
which they are visible difthvs very much. The great comet of 1811 
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waa observed forsevoiiteon montha, the lougoatthno on record. Tlin 
comet of 18G1 was observed for a year, and the grout eonieb of 1882 
for flve mouthf^. In somo cusob, when a comot doeH nob luippun tx> Ini 
dlBcoverod until it is recoding from tho it \h hoqh only for a wmk 
or tvvo. 

As to thoir brightnesa tliey uIbo diflbi’ widely, 'riio grout inajoriLy 
can be seen only with a toloacope, although a oonHldoi’ahlo Jiuinlasr 
reaoh Ibo limit of nakod-oye vision at that part of tliclr orbit wlmro 
they are most favorably situatod. A few, uh liofl born said above, 
become con^tcuous; and a very few^ porlmps four or flvo in a 
century, are ap brilliant that they can bo soon hy llio nuked cyij 
in full sunlight, as was the oase with tho groat comets of 1818 Uiul 
188g. 


700. Their Orbits. — ‘The Ideas of tho anoionts os to tlio moilonfl of 
these bodies were very vagiio. Aristotle and his school bollovod tiunn to Im 
notlimg but earthly exhalations hiflamod In tho upixir rogioim of tlu^ jvlr, 
and therefore meieoroIogiccU plionomona rather than astrononiloul. Ptolemy 
acco^xlingly omits all notice of thorn in tho Almagosb. 

Tyol\o Brahe was tlie first to show that they are more tUstaiifc than tltn 
moon by comparing obsorvations of tlio comot of 1877 made in dilbn-mit 
parts of Europe. Its position among tho stars at any inomont, as soon from 
his observatory at Urantenburg, was sensibly tho eamo ua that obwwvod nt 
Prague, more than fOO niilos to tho south. It followed that ll4^ dlslancci 
must be much greater than that of the moon, and tliat its real orbit must b(\ 
of euormoiiB size, oiUtbig tlirongh interplanetary space in a manner al.iHO^ 
lutely incompatible ^vifch tho old dootrino of tho orystullino Hphorcs, I To 
supposed the path to be oiroidar, howevor, as boRttod tlio motion of u 
celestial body. 

Kepler supposed that comets moved in straight linoB; and lio Hcniim to 
hove been half disposed to coiiaidor them na living oroaUivcs, Iravidling 
through space with will and purpose, <«lilco fishes in tho soa." 


Hevellus first, nearly a hundred years lator, suggostod that tho orbits arn 
probably and his pupil Doorf 0 l;)roued this to ho tho oiiHo in KIHl 

for the comet of that year, Tho theory of gra>dtai!on iiatl now appoariul, 
and Nowton soon worked out and publishod a method by whloli tlio 
ments of a oomePs orbit can be dotorminod from tlio obHorvatloJiH. Tnimu- 
dlately afterwards Halley, nsing this method and computing tho parabolic 
orbits of all tho comets for whloli ho could find tlio newhid observations, 
asMrfcafnod that a series of brilliant comets having iioarly tho samo orhiL 
Jiad appeared^ Intervals of about sevoiity-flvo years. Ho oonoludotl that 
these were different appearances of one' and tho samo comciL, tlm orbit not 
being really parabolic but elliptical, md. ho prediotod its ruturii, which 
actually occurred in 1769^ the first of “iiorlodio coniots » 
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701. Deterrainatiou of a Comet’s Ox-bit. ~ Strictly speakicg, the 
orJjit oi tt comet bemg always a conic section, like that of a planet 
I’oquiros only three perfect observations for its determination } but it 
Holdom happens that the observations' can bo made so accurately 
ns to enable ns to distingulslr an orbit truly parabolic from one 
shgiitly hyperbolic, or from an ellipse of long period. The plane 
of lha orbil and its perihelion dislmce, can be made out with reason- 
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ivooiiracy fioJii auoU observations as are practically obtainable, 
but tbo eccpMricUy^ and the major axiH with its corresponding period, 
can Holdoni bo do tor mined with much precision from the data obtained 
at a singlo appearance of a comet. 

Tlio reason is that a comet is visible only in that very small 


^ ObucrvuUonfl for Uio ilotovnunatlon of a comet'a place are usually made with 
an cfpiatorial, by niotiBurhig lUo apparent distance between tlio comet and some 
iielKliborlng ^^compariBon star with some form of micro meter, as indicated in 
Art. 120. If the Blares place is not already accurately known, it is afterwards 
specially observed wltli the meridian circle of some standard observatory ; this 
observation of comparison stars fovnis quite an item in the regular work of Buch- 
an Institution. 
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portion of Its orbit which lies ncur tlio curtli iind huh, iind, iih IIhj 
flgiirG ahowfl (Fig* in this portion of tlio orblt^ Iho long cllipHc, 

tlie parabola, audtho hyperbola all iic>«t coinoi do. l\h>roovur, rn)in tlii^ 
<11111180 nature of a cpinot lb in not poysiblc to olmorvo It with the 
same accurnoy aa n phinet. 

Coinots which really move in parabolas or liyporbolaH visit l.ho huh 
but once, and then recode, never to return ; while biione that move in 
' ellipses roturu In regular periods, unless dlHturbtKh 

It Avill be imdei'BtoocI, that in a catalogue of conietH* orbits, Lbosn 
which are indicated as paraboliu arc not dricJly so. All that can bn 
said is that during the time while the conic t ivas Ylsiblo, Uh poHlllon 
did not floviato from tlio parabola given hy an umouut muHihlo. /o 
observation. The chances are liinnlty to one against a coineL's 
moving exactly in a parabola, since the least rolardatian of ils 
velocity would render the orbit cUiptlcalj and tlie least 
i\^hyp)erhoUc^ aocordliig to the principles explained In Arlicle l.'U). 


702. Helative Numbers of Parabolic, Elliptioal, and Hyperbolic 
Comets, — ^-Tlic orbits of about 270 coinotn Inivo been thus far coni- 
pnted: Of this number about 200 are Henslbly parabolic, and nU 
appear to be hyperbolic, although the oceen trinity (^xcamds unity by 
80 small a quantity ns to leave the matter so me w bat donbtfub M'hm’i' 
are also a number of comets which, according to the liest (roin|Juln- 
tlons, appear to have orbits really elliptical, but with periods so long 
that thoir elliptical character cannot ])C positively uHserl.cfd, .Aboiil. 
JiftU have orbits which are certainly and distiiudly oval ; and Iwnnttp 
aix of these have periods which are less than one luindred years, 
Tliirleen of those periodic comets have already been auLiudly observed 
at more than one return. 


Aa to tho regfc o[ the Iwon by-six, Homo of tliom arc expCfcLed to ndiivn 
again within a few years, and fiomo of tlioin have been lost, — ail, lier In llm 
same way as fclie comet of Biolii, of wliioli wo sliull Himn spcuilc, or hy luiving 
theh' orbits 80 changed by perturb ations that limy no longer ounm near 
onough to the earth to bo obBorvod. Table ITL of tlio Aimcmdlx gives 
the Clements of tlicso tliirteeii oomets takon from the Aiimuiiro du Ibii’caiu 
0S UngUudea*' for 1888. It will bo obsorvod that tlm Hhoriost pariinl 
18 that of EnokB^s comet, which is only three and onedmlE yours, while \}n^ 
period of Halley's comet exceeds Heventy-six. ‘ . 

« computed porloilH iTHiglug l.olwooii Huveiity 

eighty years, whose retuvne are looked for within tlm next Torty yonrH. 

Hurly.thvoo years whloh Is dm, 1., 
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703. IHg, lOG shows the oibils of scj\eial of the comots of shoit 
pGuod, — fiom tlnco to oij^ht yeais. (It wonUl caiiso coufoaiuu to 
mseit all of Uioio ) It will be scon that in ovoi‘y caso tlio comet’s 
oibit comes very near to the oibit of Jupitci*, and when the oibit 
01 oases that of Jnpitci> ono 
of the nodes is always near 
the place of appavont In- 
to i section (Iho node being 
maikecl on the comet’s oibit 
by a short cioss-liiio) If 
diipitoi weio at that point 
of ita oil)it at the time when 
tiiQ comet was passing, the 
two bodies would leally bo 
voiy noai to each othei. 

The fact, as wo shall see, 
is a very significant one, ' 
pointing to a connection l)e- 
tween those bodies and the 
planet. It is line for all 
the comets whose poiiods 
aio less than eigiit years — 
for tlioso not inseited in 
the diagiam as well as those that aio The oibits of tlm seventy-lho- 
Year comets aio simihuly vclalod to the oibit of Neptune, and iho 
thiity-tluoo-yoar comet passes vei) close to tlio orbit of Uiauiis, 

704, Rooogmtioii of Elliptic Comets. — l^fodoin obseivations are 
so inuoh inoie aeouuite than those made two contuiies ago that it is 
now so mo tunes possible to do ter an no tlio eucenii'ieity and peiiod of 
an olliptio comet by means of the obsorvationa mado at a single 
appeaianee. Still, as a genoial rule, it is not safe to piononnco upon 
the ollipUcii\ of a comet^s orbit until it 1ms been observed at least 
twice, mn always then. A comet possesses no ^^parmial 

BO to speak, by wbich it can In* iocogni/.cd nicioly b;^ looking at it,^ 
no peisonal pcoullaiities like tlioBO of the planols Jupiter and Saturn. 
It 19 idculifiablo only by its path 

Wlion iho apin'oxiniatti xmiabolio oloiuenls ot a now comet’s oibil havo 
boon computed, vo exiimin(3 Die catalogue of piecediug comola to rco j£ wo 
can find othoiB which lesomblo it, that is, which have ucaily the samo tniU 
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nation and longitude of the node with tho saino perihelion dwtanco and peri^ 
helion longitude. If so, it laprohaUe that wo havo to do wltli tho «inim ooinot 
in both CftBOS, But it is not certain) and investigation h, of ion vory long and 
Intrioats, must bo made to see whether an ollipiical orbit of tho nocoHsmy 
period can be reconciled tlio obsoi'vationfl, after taking into account 
the perturbations produced by planetary notion. ThoHO i^ortnibatioiiH (lyo 
extremely troublesome to compute, and are oEton very groat, mneo tho oonndft 
not niifrequently pass near to the larger planets. lu fionio Bueh tlio oildt 
la completely altered. Even if the reeult of tills Investigation api>ours to 
show that tbe comets ore probably idontloal, wo aro not yet absolutely srrfo 
in the conoluBion, for we have what are loiown as — 

706. Oometary Groups* — Thoeo aro groupB of oomotfi which ])uiHnQ 
nearly tho ennie orbits, following along ono after another at a grcuitcr 
or smaller interval, as if tliey Imd oiico boon nnitecl, or Inicl conio 
from Bome coinmon Bouroo. The cxiBtcuoo of such groups wiiw Jlr/il 
pointed out by Hoek of Utrooht in 1805. Tlio most reiniirlvalde 
group of thiB Bort is tho ono composed of tlio groat coniofcH oC l(iG8, 
1843, 18^ and 1882, and there is soino roiisou to BiiHi)cob thab tho 
little comet visible on the plotiiro of tlio oorona of tho ICgyptlrvn 
Golipse (Art. 828) also belongs to it. Tho bodlos of this gj-oii]) havf) 
orbits very peculiar in thoir oxtromoly small poriholion dlstfinco (thoy 
flotaally go within half a million miles of tho sun’s Burfaoo), and yot, 
although their elemeuta are almost Identical, they cannot i)ossibly all 
ba different appearances of one and the same comet. 

So for aa regards the comets of 1008 and 1848, eonshhirnd ivlcmo, IberM 
is nothing absolutely forbidding tho idea of thou* idonllty; portui'balioiin 
might flcooant for the differences between thoir hvo orbits, But tho cohiuIn 
of 1880 and 1882 cannot possibly bo one and tho sainoj they worn both 
observed for a considemble time and aooiiratoly, and tlio ohsovva lions of 
both are absolutely Inoonsistojit with a period of two ytiars or anything llko 
it. In fact, for the comet of 1882 all of iilio dilToront com pule rs f<Jiind 
periods ranging between 600 and 000 years. 

There are about half a dozen otlier snoh oomet-gi’ou^^ now known. 


706. Porihelion Distanoes. — These vary greatly. Eight coinuU 
havo a porlheliou distauce less than six millions of iiiilos | iiljoiit 
seventy'- four per cent of all that have been observed lie with In Iho 
earth’s orbit; about twenty-four per cent Ho outaldo, but within twice 
the earth’s distance from tho sun ; and six comets have boon observe (I 
with a perihelion distance exceeding that limit. 
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A RUiglo ono, lUo comet oi luul pciihchon chstanoo oxcooding foui 
nsiionomiciU unilSt — as giciit as the lueaii clistance of the iciuotoi asleioids 
It must have been an cnoinious comol to be \isiblo tiotn such a distance 
It IS one ot the six hjpohohe uniiets 

Obviously, ho\v(‘YtM, the disiiibutiun of comets as detei mined by obsoiva- 
turn, (loptMuls not meiely on thoexislonco of the comets Uioiiisclves, but upon 
Hum MKibdityfiom tlie eaiib Those comets -wluch appioaih lu'ai tlie oibit 
of the isuih have the best clmnco of being seen, because then conspicucms- 
iiess lucieascs as tb<‘> appioach us, ro that wo nnist not lay too much sfcioss 
on the appaient crowding ol the poiiholui within tlio iMitlds oibil 

The peiihclui arc not dislubuiotl equally in all cllrecllon•^ fioin the 
him, luit inoie than Bi\ty por eeul tiio 'witlun lo” ol what m called 
‘‘ the himS wa\ t e , the line in spiieo along whieh tho sun ib tiavel- 
hng, eiurynig with it its atlGiulant s^flioms, 

707 Ol bit Planes — TUa indtnahou'i oi the comets’ oiliils imiigo 
all the way from 0^ to 00° Tho cnmalnuf nodes aie diatiibntod all 
aioimd the ocliptic, wntli a decKlod tendency, Uowevci, to chistev in 
two regions luMng a loimiliulo o( about 80° iiiul ^70° 

708 Diieotion of Motion. — With the two excojilions ui Ifalloy’s 
comet, and the comet of tho Leonid niotoois (Ait THb), the elliptical 
comets winch have penodH IcHs than one hundied yeaiH all move in 
tho dneetiou of the planetB, and tho same is tine of the six liyper- 
boUc comets Of Hie othei comelB, a tew moie move retrograde than 
cliiect, but Iheio is no decided inepondeuuioe eiLliei way 

709. It IS liaully necessan to point out that the fiut tlmt the 
comets move foi tiie most pail in paiabohis, and that the pianos of 
then orbits Inue no evident loljvUon to the idaiio of the planetary 
moLunis, lendH to indicule (though it falls Blioit of dcmonstiating) 
that ihoi/ do not tn any jnoju^r ^ense helony to the sola) system 
itself^ bid aie nwdy vmlon fiOM inleraielluv npace Tliey come 
towaids the Him with almost pieciaely the velocity they would ha\o 
if they Imd Hunplv dropjied loAviuds it from an inniuto diatance, and 
they leave it with a velocity which, if no foicc but the Bun’s attiac- 
tion opeiatos upon them, will cany them back to an unlimited 
d lb lance, oi until they encounter the iiUr action of Bonie other snn. 
With one roinuiKable exception, tlieir motions appeal to bo just what 
might bo expected of ])oiuleiahle masses moving m empty space 
linden tbc law of guivitalion. 
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710. Aooeleration of Ejioke'fl Comet. — TIhj one exception refoi rcil 
to Is in tho caso of Encko^s comet wlilch, hIiico ils (IihL (liHriJvery in 
the bat ooiitury (It \ym not, however, dlHcovurcd to he a ja^ridtlio 
comot until 1819), has boon contimuilly (|iil(jk()iiin|j; Wh h\wv[] jiinl 
shortening Its period at tho rate of about two lioiirH luid a luilf In 
each revolution; as If It woro iiiulor tho ac^tion of hiuiio rcMlsiiinoo 
to its ipotiou. No povtiirhatlon of any known body will ruMunnit foi 
Buoh an accelcmtlon, and tlma far no miHonahlo cx[»hiimli<Mi Iimh 
been Buggestod aB oven posHlhlo, except tho ono jnonll(»ned— Uio 
reaifltauoG of an Intorplanotary incclluin which retards its motion Jiint 
as air retards a rillo bullet. At ilrat night It Hceius idniuHt panulovl- 
oal that a msis/tmcc should flc^?e/emYo a com of n Hpeod ; hut 
to Artiolo 429 wo bco that Biuoe tho Homl-major axis of uconiofn orbit 
is given by the equation 

V‘)' 

any diininiition of T'^wlll alao iIIiuIiuhIi a; hikI I(; can lt(^ aliinva Mini 
this reduotion in tho she of tho orldt will ho followod liy an iiicKaiHit 
of velocity above that wlilcli the body had ia the lai'iJCar orl»il. It is 
accelerated by being tiuis allowed to drop iiaarcr to the and 

gains its speed ia moving inwards under the huu’h attraction. 


711. Another action of such a retardlag fcrec is Ic dhiiiniHli (li.i c-.iemi- 
trioitj’ of the body’s orbit, malting It mtiru nearly itireular. If llie (uitlna w«i<' 
to go ou without iiitormiBsloii, the i-esidt would' bo a Hpirid jmiUi winding in- 
ward towards thosuu.upoii which tlio cnnmt would iiltlmatidy full. Kor laauy 
years the boliaviovot Encko’s comot was tiuotod as an abrnduln denioiml ni- 
tion of the existenoo of tho “ImninlforouH other." Hints' however, im oilier 
cometa show any such notion (unless i>orlmps WIimtatko’H i eomut— iS'o, r> in 
the table 111 tho appendix), and inorenvor, stneo aeeording to the iave/tliga- 
tloiis of You Aston and BaokUuid tlio iwcoluratloii of Enoke'H imnml llsidl' 
seems suddenly to have dimiiiishod by nearly oae-hedt in IHIIH, there roinniiiH 
much doubt ns to tlio theory of a resisting mndhim, Tt looks vatlior Iti.un 
probable that tins aecoleratioii is duo to soiiiothing olsa than tlie Imiilniferous 

etber perhaps to some regularly rooiinniig mioomiter of tho with n 

me ooT Q matter. Tlio fact that tliu yi/wic/a sliow no sneli nffeel. is 

BurpriBiiig 8 nco, as we shall see, they arc oiioniioiisly inora dense lliun 
any comet, so that the resistance that would bring a comet to rest wlDdi, a 


oom^*was*aecolerRt^’ ^1'”^ s-'vovdliig m his coniinilutleiis Wlmmeko’f 
the amount Hi. re. but by le.H than Iml I 
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Biiigln y(!ar would not aimsibly alToct a body like our earth in coiituricB. The 
“ reHialiiijr niodiiim,’’ iC it exists at all, must have much less retarding power 
Uuvn the I'csidual gns in ouo of Crookes’s best vacuum tubes. 

713. Physical Cliaraotoristios of Comets. — Tlie orbits of those 
tiodics ni’o now thoroughly understood, and their motions are calcu- 
lable willi as much accuracy as the nature of the observations permit ; 
liut we liiid ill their physical constitution some of the most perplex- 
ing and ballling lU'^l^louis in the whole range of astronomy, — appar- 
ent paradoxes which as yet liavo received no satisfactory explanation. 
Wliilo comets are evidently subject to gravitational attraction, ns 
shown liy tlunr orbits, they also exhibit evidence of being acted upon 
by powerful impulsive -fovecs emanating from the sun. Wliile they 
shine, in part at least, by rcllectcd light, they arc also certainly self- 
liuiimons, their light being developed in a way not yet satisfactorily 
c.xplained. They arc the hiilMest bodies known, in some cases 
tlunisands of times larger than the sun or stars ; but they are “ airy 
noLlnngs,’' and the smallest astovoid probably rivals the largest of 
them ill actual miiHS. 


713. Constituent Parts of a Comet. — (a) The essential part of a 
comet-— that which is always present and gives it its name— is the 
roinu or ludiulosity, a liazy cload of faiiitl)' shining matter, which 
is usually nearly spherieal or oval in sliapo, tlioiigh not always so. 

(/;) Next wo have tlio nucleus, which, however, is not found in all 
wmiols, hut commonly makes its appearance as the comet approaches 
the Him- It is a bright, more or loss star-like point iu*ar the centre 
of the coma, and is the object usually pointed on in determining the 
comet’s place by observation. In some eases the nucleus la double 
or uveii multiple ; that is, iiistcml of a single nucleus there may be 
two or mo ro near tho cen tre of a comet. Perhaps three comets out of 
fuiir iirCHCiit a nucleus during some portion of tlicir visibility. 

(c) The Uiil or tmin, \s a streamer of light which ordinarily ac- 
cuinpuulcs ii iiright eoinct, and is often found even in connection 
witli a tclciHuopic comet. As the comet cqproaelies the sun, the tad 
follows it iiuieh ns the smoke and steam from tho locomotive trad after 
it. -lint ihat the tail does not really consist of matter simply ejl 
imhind in tliab way, is obvious from tlio fact tlnit as the comet receces 
from the sun, tlio train precedes it instead of following. It is a ways 
directed away from the sun, tliough its precise position and form is to 
Homo extent determined by tlio comet’s motion. There is 
evidence that it Is a material substance in an exceeding y e 
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comlitioii, which in someway is driven dll' rr()in tiie iu>jiud; nnil I hen 
repelled by some sohiv ar-tion. (Son also Ari-* 7.‘i(h) 

((1) Envelopes und Jat^. - In (;h(} ol‘ a vioy brill iau I round , 

head is often veined by sliorl jid;s ol wlji(di appear i,i> in* eon- 



1D7. -K«ke.t.uy„ View of , i.a, I, ir,h. 


tiilually emitted hy the nueleua; and aometiines iimtniul ..I' inin i|,„ 

mmleus throws off a eencs of cfmemdrhum vel.>iu. Jib 

one wdhrn the other. Those phenomena, how-over, nrh.l.r.rslndi;' 
observed in telescopic comets to any marked extent. 
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714. Bimoiisions of Coiuets. — Tjic volume of a comet is often 
oiH)rtnou8 — soiMt* times almost beyond conception, if the tail be iii- 
<4uiled in the CHUnnito of bulk. 

As a geiicnil rule the head or coma of a telescopic comet is from 

40.000 to 100, 000 miles in diameter. A comet less than 10,000 
miles in diinnetw is vei^ unusual; in fact, such a comet would be 
almost sure to cistmpe oliservatiou. Many, however, are much larger 
than UH),00() miles. Tlie head of the comet of 1811 at one time 
liuuiHnnMl nearly 1,200000 miles, — more than forty per cent larger 
Uitin the diameter of the sun itself. The comet of 1680 had ahead 
(!i)0, ()()() miles aevoss, The head of Donati’s comet of 1858 was 

250.000 miles in diameter. The head of the great comet of 1882 
wart not so bulky as many others, having had a diameter of only 

150.000 Julies ; but its tail was at one time 100,000000 miles in 
leiugilu 

716. Oontf action of a Comeths HeS-d as it approaches the Sun. — It 
irt II very ningulai^ fact that the head of a comet continually and regu- 
larly (ihunges its diameter as it approaches to and recedes from tho 
Hun ; and what in more singular yet, it contracts xolien it approaches 
thv, tsmi, insteatl of expanding, as oiio^woidd naturally expect it to 
<lo under the action of tho solar heat. No satisfactory explanation is 
known. PcrhiipH the one suggested by Sir Jolm Herschel is as 
phiusihle an any> — tliat the cliange is optical rather than veal; that 
n( 4 ir the Buii a part of the cometary matter becomes invisible, having 
huon coa]H)r<Uail ^ perhaps, by tho solar heat, just as a cloucl of fog 
might he. 

'I'he cluuigtJ iH ofipeeially conspiQuous in !R^ckG^s comet. When this body 
iirst cmm\ into sight, at a distance of about 130,000000 miles from the 
HUH, it lias a dininotor of nearly 300,000 miles. When it ia near the pen- 
ludion. at a distmmo from the sun of only 33,000000 miles, its diameter 
Hliriuks to 12,0(K> or 14,000 miles, the volume then hoiiig less than jrW 
wliut it was whon first seen. As it recedes it expands, and, resumes its 
nrigimd dimmmioim'. Other comets show a siinilav, but usually less strik- 
ing, ebauge. 

116. Diraensions of the Nucleus. — This has a diameter ranging in 
dillVreuI; from 0001) or 8000 miles in diameter (Comet III, 

IH-IO) to a more point not exceeding 100 miles. Like the head, it 
also mulorgoos consideral.lc and rapid changes in diameter, though its 
ohangos do not nppoar to depend in any vegniar way upon the comets 
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illstancG from tho sun, but ratlicr upon Ite activity fit tlio time, "I'lmy 
are uaiially aaaocmtecl with the clovolopinout of jots and onvclopoH. 

717. Dimeiiflions of a Coinet*fi Tail. — Tho tail of a largo comet, as 
regards simple mnguitiido, is by far its most i in posing fuatiiro. Tiio 
length is seldom less than 10,000000 to 15,000000 inllos ; U A’G(]Uontly 
reaches from 30,000000 to 50,000000, find In several oases 1ms Imim 
known to exceed 100,000000. It Is usually more or Iubb fun-Hluipod, ho 
that at the outer extremity it is milllonB of iniiOB aorosB, being Him [mil 
roughly like a cone projecting behbid tho coinot A’oni tho Him, and iiioro 
or less bout like a horn, The volumo of such a train as that of iho 
comet of 1882, 100,000000 miles In length, and aomo 200,000 inilca ill 
diameter at the comet’s head, with a diameter of 10,000000 at its ox* 
tremity, exceeds the bulk of the sun itself by more than 8000 Limes, 


718. The Mass of Comets. — Wliilo Lho volume of coinots la 
enormous, their masses appear 'to be' insigiiKlcant. Our knowledge 
in this respect is, however, thus far entirely ncr/ative; that is, while hi 
mauy caaos wo ore able to say positively that tho niasH of a partUmlnr 
comet caniwt have exceeded a limit which can l^o named, wo have 
never been able to fix a lo^wer limit which wo know it muat have 
reached; it hns io no case been possible to porcelvo any ai^llon wliaU 
ever produced by a comet on tlio earth or any otluir body of tho 
planetary syatem, from which wc can deduce its mass; and tbls, 
although they have frequently come so near tlio earth and other 
planets that their own orbits have been entirely transformed, iiikI If 
tlieir masses had been oh much as earth’s, they would 

liave produced very appreciable offcote upon tim motion of tlio planot 
which disturbed them. 


Lexells comet of 1770, Blela’s comet on morn than oiio oocaaion, and h^v- 
erol others, have come ao near tho earth that tho lougth of thoiv periods uf 
revolution have been, changed by the Gfirth's nttvaotlon to tbo extent uf 
several weeks, but in no inatanoe baa tho length of tho year hoon ftllcrrd 
by a single second. One might be tempted to think that comets wm’o iiuH- 
sesaed of matter- without attrao ting power ; but attraction is always ninOm/, 
and smee tlie comets move according to tho law of gmvitatloii, and llmm. 
selves suffer perturbation from attmetion, thoro is no osoapo from tho cuu. 
elusion that, enonnons as they are iu volume, they contain very llttlo matter. 
&mB have gone so f oi* as to say that a comot pvoiierly packed could bo cur- 

H of con™, iflanoxtravagaiiL 

assertion The probability is that the total amount of matter lu a eoinut of 
any size, tliough very small os compared \vith ite bulk, la yet to be oatlmated 
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ill many niillions of tons. I'he earth’s mas>s (Art, 132, 4 ) is expressed m tons 
by {} with Iwonty-ono ciphers following (0000 nnllions, of millions, of miUions 
of tons). A body, therefore, weighing only one-tnilUonth as much as the 
I'urth would ctnilain (lOOO millions of millions of tons, which is very nearly 
oc|ual to the mass of the earth's atmosphere, 


710. The hito ProfeBBor Peirce based his estimate of a comet's 
inuHB upon the extent of the nebulous envelope winch it carries with 
IL, iiHHundng (what may bo doubted, however) that this envelope is 
gaseoUH, and is held hi equilibrium by the attraction of solid matter in 
and near the nucleus ; and on this assumption he came to the conclusion 
that the matter in and near the nucleus of an average comet must be 
(M|uivalent in mass to an iron ball as much as 100 miles in diameter. 
Thirt would be about iruij'T ju of tlio- earth’s mass, While this esti- 
nmto is not intrinatcally iinprobnWc, it cannot, however, be relied 
upon. AVe simply eio not know anytliing about a eoinet’s mass, ex- 
cept tliat it is exceedingly small ns compared witlt that of tlie earth. 


720. Density. — Tins must necessarily be almo.st inconceivably 
small . If a comet 40,000 miles in diametei- has a mass equal to 
of the earth’s mass, its mean density is a little less tlmn of H'S't 
of the airnttlio earth’s surface, — muclulowortlmii tliatof the best air- 
pump vacuum. Near the centre of the comet the density would proba- 
bly lie greater tlum the mean ; Imt near its exterior very inucb less. As 
for the density of its tail, when such a comet has one, that, of course, 
must be farldwer yet, and much l)elow tbo density of the resicbinl gas 
luft in the best vacuum wo can make by any nienn.s known to science. 

'I'liis cKtlmato of the density of a comet is borne out by the fact 
that small stars cun be seen through the head of a comet 100,000 
jiiilcH in dUunotor, and even very near Us miclens, with liardly any 
perooptlblo diminution of their lustre. In such cases the writer 1ms 
noticed that the imago of a star is rendered a little indistinct; and 
recent ol)RervationB of several astronomers have shown a very small 
apparent displacement of tlic star, such as miglit be ascribed to a 
sliglit refraction produced by the gaseous matter of the comet. 

Students often Ond difficulty in conceiving liow bodies of so infimtesimal 
comets can move in orbits like solid 
cnormons vclooillcs. Tliny forgot tliat in a vacuum a feathei fails as fieely 
and as swiftly ns a stone. InteiTlanetary space is a vaennm far more pei- 
fwit tlum any air-pump could produce, and in it tlie rarest and mos 

bodies move as freely as tlio densest. 
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73L Tiio reacler, liowovur, imisl [ji jiiiinl liuiL, nlllir>ii}<h Hu- 
mean density of ft comet (thiit Ib, Uic (jDiintlty (>f inultoi- In u 
mile) ia smatl^ iM density of the coiistltnv.nt jntr tides of a v.omH need 
not necessarily he so. The comet may coinpuHed of hhuiU, Immivv 
bodies, widely separated^ niul tlici‘0 tn Home retiHtm for thlnklni^^ IhaL tbU 
is the cuso; that, in fnot, the head of a comet \h a Hwanii of hkjLi’oi in- 
stones ; thonglV whether tlicao stones are iminy feet In diaineUT, or only 
a few inolioB, or only a few thouBaiultlm of nn liu^h, like [mrlh'h‘M nf 
dust, 110 Olio can say. In fact, it now Heonm ([iiite likifly Unit Um 
gieftteat portion of a comot’e inimB Iw nnule up of siieli |iuriit^leM id 
solid matter, cftn-ying with them a certain qiiuulllv of onvelopinp: 


723, Light of Oometa, — Thore lias been nuiuh dlHnimHinn wlndlnn' 
these bodies shine by light rellectod or Intriimie. 'i'lie fael lluit lln-y 
become less brilliant na they recede from tim hum, and lliially dis. 
appear while they are in fall sight Hlni[)ly on amamnt (if faintiu'HH,* 
and not by becoming too small to be Hbon, sIiowh Unit their light In In 
some way derived from the buii, Tlio furtimr fact Lliat ihi^ liglil 
shows tvaces of polarij^ation also indlciitcH tluj preHinnm of ralhnitcd 
sunlight. But while the light of a eoinot Is tlins In sonic way atlriliu* 
table to the aiin^s action, the spoctrosoope hIiowh Unit It docs iinl 
consist, to any conBideniblo extent, of mere rulUaited HUnliglit, like 
that of the moon or a planet. 


f " lT> . '^"y "K'-t 

^ iiWflWdly U. (,|,0 mjuiii'o „C llii, hku-h 

dtoice (as would naturally ho |.ho oaso \[ U,n lluhl, wuvo oxoilod lilivrllv 
y he sun s radiation, and proportional t„ U,), wn Hlionld liivvu |(h appiiiviil 
brightness at any time equal to the quantity ^ In whl,,!, n ami A u„. 

brightness ot a oomet does, hi fact, genorally follow Ihla kw r.mghlv hi | 
with many and striking oxoeptiona. Tho light <J a Imd nft.m 

out for a kw l.ours will, a Hplomhu- 

ebleh,sknces;f^:Sr(StX^ 

ooIsUte w-nn „[ ,u„Ht oo.nola 

Q- leaB faint contlniioiiB a pootriini (wliUth inav Im 

the'nZ irnrltZTkZto'''! ^ or « n,.|„.la. 

brighlnus of this disc would rornalinmoha *®"**^*‘’ 'hHinulor, lliu mlnimii 
raeedod from the carZnot^Z! - " 
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til HI lo rdluetiMl Bunlig'ht, tliough it is usnfiUy too faint to show thL‘ 
Fruunhoftu' linos) overhnd by throe bright biuuls, — one in the yellow, 
one ill the green, and the third in the blue. These bands are sharply 
do fined on Ihe lower, or loss refrangible, edge, and fade out towards 
[\\v. 1 line end of the spectriiin. A fourth bund is soinetinios visible 
in the violet. Tlie greijn band, lyhich is nuicli the brightest of the 
IhrtM^ in some imses is erossod ]>y a miniher of fine, bright lines, and 
tliore are tnuscs of similar linos in the yellow and blue bands. This 
Hpoi^trinn \h (th.^(dnt<d!/ identiml that given bg the bhte base of an 
ortlinarg //n.s- or candle Jlaw.G ; or better, by the blue flame of a Bun- 
Hou burner eonsiiming ordinary illnminating gas. Almost beyond 
([iiesUon it iniVcateii the jmHence in the comet of some gaseous hydro- 
tuirban., wlu<*b in some way is made to shine; either hy a genered 
beating of the whole body to tiie point of hnninosity (which i.s hardly 
pvobidde), or l)y electric discharges within it, or by local heatings due 
to colliHions lietwoen the solid masses disseminated through the gas- 
onns cnvidope ; or possibly to dno to the action of 

HUnligbt: or none of tliose surmises may be correct, and we may 
have to siaOc some otlior explanation not yet suggested. 

U is 'not ut all eertain that the temperature of the comet, considered 
UH a whole, is very much elevated, Nor will it do to suppose that 
because the spectrum reveals the presence in the comet of gaseous 
liydroisarhon, this substance, iheroforo, composes the greater part of 
tlm i^omeCs mass. The probability is that tlie gaseous portion of the 
conud; is only a small percentage of the whole cimiiility of matter 
I'ontuined in it. 

786. Metallic Lines in Spectrum, — When a comet approaches 
very near to the snii, as dUl AVclls's comet in 1882, and a few weeks 
later the, pireat <!Oine,t of tliat year, tlio spectrnin sliows bright metal- 
liii lines in addition to tlie iiydroenrhoii l)ands. The linos of sodium 
and inagneHunn are most easily and ecrtuinly recogj.izahlo. As for 
ilin (ither iineB— a mnltitndo of which were seen by lllcco (of Palermo) 
for a few honrs, in the spectrnm of the great comet of 1882 — they 
are proltably due to iron ; thongli tlint is not certain, for they were 
not seen long enongli to be studied thoronglily, 

■f 720. Anomalous Spectra. — While moat comets show the liydro- 
earlion speetram, occasionally a different spectrum of bands appears. 
Fig. 11)8 shows the spootin of blirce comets compared with the solar 
speetruiu and witli Unit of hydrocarbon gas. 
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The first, the apefttrnin of TolilmU’s coinot oE 1B»1, i» tin' "’lo. 

'J'ltB other two are unique. J}ror.son*8 ciiiimt, at its latoi’ i-otiivna, hI'owuiI llu' 

ort/wuri^ comet spcctriiiiV.amHt 'night Friiaps bo oonHiiloroil poHHil.lo ttinl 

au error was maile in fixing the positioi) of tlio liaiuU at llin lirat olmnrrii- 
tion. But the peculiar speciriiui of eoniot C, 1877| Jianlly poriiiiln niuf fc 
an explanation. It was observed at Duiieeht on the by tlio 

.tjaino observers and with tlie samo spiudvostsipiS as uiioUn‘r ctniitdr v'liiob 



Kr<i. 1118 . — (‘(JtiiiU Hroiiti'u. 


(For coiivenloiicL' 111 tMiKravUjy, ilio llm'8 of tljo flfilor npi'Ctrom in llm Uiwitit «lrl|» of lln' 
ilyuro aro icprutioiiUKi na 0r((fh(.) 

gave the usual spectrum ; so that in this case it lianlly semim poHniblo that 
the anomalous result can he a mistake^ tlnnigh tlio spectrum ItHidf as ynt 
remains unulentified and unexplained, 

Indeed, from some points of view, it m stvango Mmt eoitmls, roniiiif^ iih 
they do from such widely separated regions (if spaco, do not show iin alnitmt 
inlinite variety of spectra; a priori we should expeot difiennuusH nilbi^r l lmti 
uniformity. 

It 4s maintained by Mr. Lookyor that the Bpeetniin of a comet Jtn 

it varies its distance from the sun, the bands altering in tip]Hnii'aiico anil 
shifting their position. But the evidence of this is not yet coneluHi vm 

727. Development of Jets and Envelopes. — When a amwi Ih 
first seen at a great distance from llic sun it is ordiimrily ii iiu'nf 
roundish, hazy patch of faint ncbuloHity, ti little lirigliter nour Liio 
centre. 
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Ab tliG ooniotclinws ncai the 8uu it bvighteiis, and tho cenUal con 
U'DSLilion Iwomos moio ooiispioiioiis and •^Imrplv doHnocl, oi’ stai-liUe 




I-i« inf> — lit [\0 ofDoiifttrn Onmot, Ort IR'tft (llnml ) 

•riu'ii, on llio suU- nc\t, Uir sun, llio newly foiiucd luieleus begins to 

I'liiiL j(>l4 tuul stroamois of light, ot to llnow oil tnoio «i loss syra- 

low (Mich othot ooncuntiioiillv 

[miuluig iviul glowing lanitci 
im lihuy iiHUCiul, until they nrc 
lost 111 the gonoial noln1l()Slt^ 
wlurh fuiins the heml }>ni' 
lug llioso yioocssos tho miclons 
c'outiiuially ohaiigoH bnl- 
liiuicy and inngnitiKlo, nsnaliy 
IgLowiiig sinalloi' hiighlui 

liiHi the of HjiHnnS^^Enra^^^^l 

oauh ciuolopo When lots aic 

thiown olf, tho nnoloiis socins jgni (Cjomiwon) 

to oauiUivto, moving slightly 

from Bido to side 5 hut no evuloncos of a continuous lotation havo 
ovei iwen dw-oovoiod 'I'lie two flgmes, IM and 200, reprosont tho 
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heads cf two comets which beliavod iiulU! (lill’ereiil-ly. i'iK- Hi!) in 
tliQ head of Doiuifci’a comet iih hcctj on Oct. Ti, IHhH, TliU ('niiiet 
was charactorizod by the quiet, orderly vigor of Its uetlon. It ilhl 
very little that was anomalous or ornitle, but luduivod in nil ruHjKKdH 
with perfect propriety. Tho Hynteiii of onveiopoH In the heml of tbirt 
coipQt was probably th(j most HyiiiinotrHuil and beauLlhd (M'cr hiumi. 
Fig. 200 ifl from a drawing by Common of lln‘ lumd t>f 'IVlibiUl'n 
comet in 1881. This cnmot, on the oilier hand, was idwiiys doiiqc 
something onfr6^ throwing off jots, breaking iiil.o fragnimitH, and, in 
fact, continually exblbithig nnoxqieotcd ])h(!nomenri, 

728, Formation of the Tail. — The material whleli in inojurtecl 
from the micleua of the comet, aw If rcpelUal l>y It, Ik uIho 
by ihe su}}y and driven backward, Htllllninlnoim, lo form tli(! Iniln, (At 

leaKt, tills Is ttin iipimiirams^) Kig, 
201 hIiowh tlie nmntier In which tin* 
tall is thus supposed to be Ibrnied** 
The resoarclnm of llesHcl, Norton, 
and OKpeelally the late liiveHllgn- 
lions of the FimHhin llredleliin, linvo 
sliown that ihis theory ^ - that I In* 
tall Is composed of nmlter ri‘pelloil 
by botli the comet and the mni* - 
not only acconiilH for the idieiionicim 
in \\ij(nn*.r(d way, Init for almost all 
tho details, ami agrees iiialheiimt- 
icidly with tho oliHcrved posllinn 

Fonunilou of Q (’omeli 'I'nll by MbUci* nod llUlgllltllde (if the tidl Oil dill 01*'* 
ex|>ellod fronubolloftd. Ollt (latOS. ' 



Tho repelled particles arc still subject lo the KUiragravliatiniinl atlnK^tlou, 
and the force acting upon ihom is therefore i]w dllVerenec^ bet wireu 

the gravitational attraction and the clctdrical (V) repulsion. ^I’his dlUWturo 
may or may not bo in favor of tho atiruetinii, bnt .iu any ease, (he suii'k 
attracting force is, at least, losaonod. Tlie eousefjnenco is (but those repidleil 


^ Other theories of comets' tails have boon prose, Uod, nnd have had a cort.dn 
currency, t icorics according to which tho tall Is a inoro "limilnoim shallow " nf 
he come , so to speak, or a swarm of motoora. U,U all iheso Iheorh-s laviik 

et7''ln"t l ^l H ; m phenomena of Jo(s, onvelniH<s. 

the ou f and they furnish no imuhcnnUleuI ilotcr.ainutlon 

or trig outlines and curvature of the tall, 
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particles, as soon as they got a Httlo away from the coiiioi, begin to move 
around tho sun in hyperbolic ^ orbits which 
lie in tho piano of tlm comot^a orbit, or 
nearly so, nnd are perfectly amen able to 
calculation, 

Tho tail is simply an assembhigo of those 
repelled particles, and, according to theory, 
ought, therefovo, to ho a sort of flat, hollow, 

Imrn-shaped cone, as ropresoiited by Fig, 

202, open at Iho large end, and rounded 
and closed at tho smaller one, which con- Fin. 20?, 

tains tho nnchnis, a Coinet’a Tail ae n Hollow On-no, 



729, Curvature of the Tail. — Tlio conn is curved as sho^vn, 
because the particles repelled still retahV their original orbital motion, 
so that tlioy will not lie arranged along a straight linn drawn from 



l'’ni. 20:1. — A OoinoPB 'I’nll nl Dlffomil rdnlH In Ur Orbit noiir rorlliellon, 


the sun through tho comet, but along a curve convex to the direction 
of the comet’s motion ; but tho stronger the repulsion, tho less will 
1)0 tho curvature. Fig. 208 shows how tho tail ought to Ho us the 


1 deferring to tho formula for the semi-major axis of an orbit, vlz.i 



wo see llmt a rcpulsivo force acting from tlio buu lUnilniabos U (which inoasuros 
tlio film’s a(traellon), and tho coiiBequenec is that if the imrepellod partlelca are 
dOBcrlhing a parabola (in which ensc f7-=: then for the repelled particles tho 

denominator will hocome negative (f/ having been made amallor than V by the 
repulsive action), and thus a will alfio become negative, so that the orbit for a 
repelled particle will bo a byperbola. 
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comet romicle the perihelion of its orbit Afioordln^ to this ilmnrVi 
the tail should bo hollow^ and in tho oa-ho of oumots wluui at il»4r 
brightest it usually scorns to bo so, tho oontro being darker than the 
edges. 



Fio. 204, 

Slight Ccnlvtd Tull of Cogglii's 
Coirtet, Jiiiio, 1874, 


730. The Central Stripe in a Comet's Tail.- — Very f>fien, tinni* 
is a peculiar strajglit, dark .stripe through tin? axis of tluf tail a>i 
shown in Figs. 109 and 200 of tlie head of J)oiiati’s and M’ebhnirH 
comets. It might be mistaken for the shadow of tin? niirleiiM if it 
were pointed exactly away from llu? sun ; but; It Is not, imnally iiinkiug 
an angle of several degroes with the din^tdlon {>1* a true Hliadow. 
Sometimes, however, and not very un frequently, tin? tail has a hvl*thf 

centre instead of a dark one, perhaps mi 
account of tho fenbieness of the coiiicl'a 
own re[)ulmve action ; in fact, this Hcoinn 
to be mHaU}! the case when the comet 
has road Kul acouHiderable distainm from 
the sun in receding fnnn it, and oflen i( 
is so when the comet is approiidiing I lie 
sun, but is still remote, ns in the ciihc 
of CogghVa comet sliown in Fig. 2(1 1 . 
In such cases 1,1 le tail Is generally faint 
and ill-defined at tlie edge, with a central sjiinu of llglit, and in Honit» 
cases it becomes apparently a mere slemler ray, of less dlainol rr 
than the head of the comet Itself, This, however, is uniiHual. 
ihe explanation of this kind of tail re(piires u sliglit nnalillcation of 
the theory, so far as to admit that the particles at first rtspellcd liy 
tho front of the comet are afterwards attracted by it, though htiil 
repelled by the sun, 

731, Tails of Three Different Types. — lircdlcliin lias foimd tlml 

the tails of comets, may bo groupial under tlireu typers : 

1. The long, straight rays. They are formed of matter upon which 
the siin 8 reimlsivo action is from twelve to fifteen timoH us grinit m; 
the gravitational attraction, so that tho particles leave tho eomet wllli 
a relatn^ velocity of at least four or five nnlos a second ; and thin 
velocity IS continually increased as they recede, until at last it lamonn^M 

mmrmous, the particles travelling Bcvoral million miles In a day. 

The straight rays which are soon in tlio ligure of tho tail of l)onuli»H 
comet, tangential to the tail, are streamers of this first typo ; as also 
was the enormous tail of the comet of 1861. 
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2. The «ceoiul 13 pc is the cinvocl, plume-like tiaui, hive the 
prin(Mpal tail ol* Donati^a comot In tins tvpo the lepulsive foice 
vaiics fioni 2 2 timoe giavity (foi the pai tides 011 the cou\ e\ edge ot 
the tail) to luilf that amount for those which foim the iiiiiei edge 


"rins 18 hy fill the most 

coiniiion type of oouu*- jmiMiiM 
Ituy 

A few eomots Bho'^^ 

IiuIb of the thud t\p(s 
— ‘Shoit, stubhy bumlp 
OH Violently eiuvod, iiiul 
due to nnitter of which 
the lepulsne foiee 
only a fi action of giav- 
ily, '--lioin to ]. 

732 . Accouhng to 
Ib(^diehin) the lads of the 
ibnl typo aie piobahly 
eonipoHed ol Juf(ho</enf 
(hose ot the Heeond tyxio 
ol KOine hiffhoctnhon ffa% 
tuid those ol the ilnid ol 
tfON vupo), with piobiibly 
in I adnuxtme of sodium 
and olliei nuiieimls 

'riieio has been no op 
])oitunily Hiiice Ihodichm 
]>ubliHhed this lesull to 
toKt the niutiei speotio 
Heopiciilly foi tails of Iho 
111 at and tluid typcft^ hy 
loohnig foi the linos of 
hydiogen and non. The 
liydiogeii tails aie almost Fio 20^' 



inullGliin’s Tin oe TipDS of Couietmy Tails 


always vtn y fund, aiul the 1 1 « 

tinlH of the lUii d class aio uiicoiiimoii. Tails of the second type, ^\hic i ai 
bughlest and most usual, do show a hydioeaibon spectmm tliioughout then 

(‘ntuo length, and so fai con Aim his view , ^ fii« 

'i'ho KSisnii foi this conclusion of Ihcdiclnn is that he suppo 
u-i)«lHivo roicn lo l.« a ,«,/«<-. acuon, Urn samefoi equal ,mface, of any ku^ 
of matloi ! ll>o cffeclw^- accelmaUug foice, llioiefoie, ineasmed by the a clocity 
It would nioduco, wonld tlcpentl uiwn the tatio of sxujace to maao m the 
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to thoir moleciilar woiglitfl. Now ilio woiifliU ol‘ liy<lroK''"» 

hydrocarbon ga^son, and oC fclio vilixu' of iron, In'iir In oiicli nllicr uluml 
the rCMiulrccl pro[)ortion. 

733. Nature of the Bepttlaive Toroo. — Ah i^) Lldn wo Imvo hw far 
no absolute knowledge. /While iho old (*oriniK(nilrir Uii‘nry nf 
light” held its ground, many thought that tlii! iii>paroiiL n^pulHlon wii‘'« 
due to the actual iflipact of the light oorpUHtdcK. Slina^ Iho jihainhni- 
incnt of this theory, otlioi*H have tried to lliid it In the “ IjnpniHo'’ nf 
the light and heatwaves of tho ethiM*, without, liowevi*r, i^xplrnniiig 
how such waves could produce uuy wiich , linpulHlvt? lU-linn. No 
experiments show any such carrying power of light or any presNum 
produced by its impact, although when ('rookcH (li'Ht iiivinihul lii'i 
mdiomoter he socinB to have tliouglit ho had found it. On the ^Yll(dl^ 
opinion at present strongly inclinoB to tlio view it)ng ago HUggi’Hlrd 
by niimGrous speculators, but Bpeolally worked out and enforc'i'd hy 
Zdllner; namely, that tho force is ahclrioitl; luul H(nim imMinrilh-H ciT 
such emlnoucG as Dr. lIiiggluH and tho late ProfcHKor Pitiri'o linvo 
asserted it positively, Tho diniculty Ih that w'o have ini in'idonu* (Inti 
the Bun 1 b cloctrically charged, nor do wo know how It conhl m‘<|niro 
a charge. At tho same time, iho mujnosUonahIo vuujitvtn*^ eOVfdH 
produced, upon the earth by Rolnr dlHturbanet's rather (avijr I lie lielirf 
that there must bo also a purely electric roactlon bi‘tw(mii tho huu nnil 
its attendant bodies, 

A fllnjular theory has l)eon proposed by Zenker, tJiai ihn i‘ 4 ^piilnhiii h 
due to the reaction produced by rajdd ovuporailoii on llio surhice of iIim 
little solid ftud liquid pai'tlclo.s of which ho snpjHjMcd (i eoiiict In t’oiinial : llilu 
evaporation would, of course, bo most vapid nu' Ibo sidn of Iho ]HLVI bih'H tn*\I 
the aun, and would ci^uso u reeoil in a niuiiiicr unalogoUH (o tinil by wlih'li 
the so-called spheroidal state of Ihpiids Is pnulmuid un a hculcd hui fii.v. 
Raiiyard has suggested that blio coinoiary jairticlos may consist prinid)inllv 
oi minute liquid droi>8 or frozen “bulbsUjueH of oerLuin liydnamrluHm 
which evaiwrato rapidly iit a very low iomperatun^ (sueli iiM 3bign1 inl- 
and its cougenors). 

734. State of the Matter oompoaiug the Tall. — 'I’ltiH uIho In ii mih- 
ject of speculation rather than of Iciiowlmlgo. I’orImpH lli« Hiini)leHl 
suppoaltlou IS that wo have to do with gnsooim inatlcr nu'idliul evi-n 
beyond tho limits of Iho gas conteinctl In CrookcH’s liiheH, — ho run-, 
fled that since its moleciilos ,io longer Hiiffer frequent colliHloim wilh 
each other, it has thus lost all the pcmillur macfmntml (ilmriLotcrlH- 
tlca of a gaseous mass, and become a nu-ro cloud of HOparutc |iiirli. 
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olcK, (iiiuli piirtittlo (lonsistiiig, liowevei*, of but a single molecule. 
SpuetroHiiopically Hiich a cloud would still be gaseous^ but. from a 
modi an leal point of view extremes would have met, and this most 
teuuous gas would have become a cloud of finely powdered solid. 

736, Whatbocomes of the Matter thrown off in Comets’ Tails. — 
To Ibis wc have no certain answer at present ;^but if the theory 
Avhich Inis luicn stated is true, it is clear that most of the matter so 
rt^mlUal from comets can never ho re-gathcred by the imcleiis, but 
must be dissipated in Bpace. 


AVhoiuwer a planet meets any of the particlesj it picks them up, of course, 
us it picks up luotcors; ami Nowtou long ago suggested, what has of late 
hvMW forcibly dwelt upon by Dr. Storry Hunt, that in this way tlie atmos- 
pluu'es of the planets may ho supplied with material to take tlie place of the 
carbon wliioh Ims been absorbed and fixed by the processes of crystallization 
and of life. Otherwise it would seem that the processes no^v going ou upon 
Uu^ oartli’s surface must iiocossarily in the course of time deprive the atuios- 
pTun'o of. all its earbouic acid, 

H this view is correct, it follows tiiat such pomets ns have tails^ lose a 
p< u‘tiou of their substance overy time that they visit the sun. It is quite con- 
ceivable, also, that the processes by which light is excited in the head of^ a 
mmiet may use up and vender unfit for future shining, a portion of its 
iiuiievial I so Ihai, as a periodic comet grows old, it may become both smaller 
(iitd less hniiiiious, until finally it ceases to be ob sew able. 


736, Anomalous Tails and Streamers. — It is not very unusual for 
oomotH to Hiiow tiulB Of two difforout types at the same time, as, for 
instaiuKi, Domiti^s comet. But occasionally stranger Hiings happen, 
luid the groat comet of 1744 is reported to have had six tails divei^- 
iniv like a fun. Winnooke^s comet of 1877 threw out a tail laterally, 
making an angle of about 60^ with the normal tail, and hav ng the 
same kmgth, — about 1". l^ochiiWs comet of 1880 (a small one), 
bnsidoH the normal tail, had another of about the same clmiensions 
directed straight toioanh.i\m sun; streamers o 
ijodlrcolod arc not very infrequent, ihe groat comet of [ 

,„„M . mimber o( ,»o.U.rlUo., ;.W. «m^bs in U 

ii,oniimrlii»itoritenn|aon ol Uml Wy. 'vliinU is to follotv. 

of thcHG anomalies are as yet entirely unexplauiec . 


737. Nature of Comets. - It is obvious from wlmt Ims been bokI 
that wo have little certain knowledge on this subject ; n pei ’ 
IwrcUo mo.. „.-tabl« bypotoi. i. tl,. on. U- b«« 
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iiiutecl at repoatedly^ — tliat a coniofc in? iiH FrofnHHtM' Ncnvlioii <*\- 
pveflBea Ifc, notlniig but a mnd-htoik'* a Hwann gT Holid [>jirlb 

clos of uuknowu alzo and widely Hop am tod fnay piii-boaclH HOVGial 
luindued foot apart), oach partiolo caiTyiiig wltJi IL an OHV(do[ji? nf 
gas, largely liydmoarbon, in wbioli gan light in iirndiiood, {»illic‘r l\v 
elcctrlo disclinrgos botwoon the partb^los, or bv soino olbor liglil' 
evolving action^ duo to tlio hiiii’h lidluoiuai, 

This hypothesis dorlvoB ita oblof plauBlldllty IVoin ilm inodeni 
covery of the close rolationsliip liofcwoon inoLooi‘H nnd ooinojs, U) bo 
dlacuBscd In the next chapter. 


738. Origin of Periodic Oometfl. — It is (>]»Yi<»nH tlinl ihn 
which move in parabolic orbits arc, as Ims been said nlrendy, inrrr 
visitors to the solar system, and not citly-ona of It: liul; as to IhoMC 
which now iiiovo In olliptloal orbits around tlio min, rcliirnlng ns 
regularly as planets, It is a question whctlicr wo uru to regnrd llicin 
as native-born^ or only ns naluralimh Did 11k\v originate In IIjo 
system, or arc they captives? 


730. Planets’ families of Comets. — It is quite clour that In Mtnim 
way or other many of them owe their proscat statUH In tho KyKloui hi 
Jupiter, Saturn, and tlio other planets. In Arttolo 7():1 w<j trailed iil.lcn- 
tion to the fact that, wlthmifc exception, all the Hliort-porlod conio(^« 
(/.e., those having periods ranging from throe to olglili yuiirK), puHM 
very near to Jupiter’s orbit at some point In Liudr jmtliH ; nnd Ihoy 
are now recognized and Hpoken of as Jupltor’n family of - 

sixteen of them in all, at present known. 


Nine of the fllxtcou are in tho table of coinnlH wlnmu vetiiniH liiivu bui-n 
nafcualiy observed ntoro than once. One of Iho oilan’H wuh L<»xo1I’n rmni'i, 
whicli was Tcmoved from tho range of obHovviitlou by l^dng ibrmva jiilo a 
new and larger orbit by Jupiter in 1770; and two are ccmiparativrly ivi'iuil 
discoveries, whose roturns are soon oxpeoted. 'riio oLlicir four liuvn ndled (o 


^ Some have iiBcrlbod tho light lo the collisions between Iho Utile hIoui'n rd 
which they flBBUTTio tho eoniot to bo mndo np, forgolUug dint, nlthough the uhso- 
lute velocity of tlio comot 1 b oxtremoly grout, tho rclaiiuo YeloeUluH of Jtji con 
alili^ent mnssos with roferenoc to eneb othor must ho very alight*-- fur loo Hiimll 
tonccount for any floUBblerftljio riso of toinpernture or ovolnlhm nf 
light in tliat wny It s perhaps worth conaldorlag wlielher guBea in ih, nnm iiiny 

hi .IT r T llmu l.n, «H,„tllv 

^ Improbnblo a pr/Wf ilint Rt ovory lumiic-viitiiw, 

every wavc-leiigHi mn»t lio oiiiltte*! fn aomo tlCKroo | i,e„ (Iml nt (in y 
Imptralnn about ilia abaoliria rare no boilg {, abBoluteli/ non~lumlnoua. ^ 
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Im 4 observed ui. sceoud and subsequent returns for unknown reasons ; quilt* 
}u»HHibly for tlio «aino reason, whatever that may be» that has deprived iis 
nf Bieda^s comet. 


vSimilarly, Saturn ia at present credited with two comets, one of 
whieli is Tuttle* a comet, given in tlio catalogue of periodic comets. 
TJrftima stands sponsor for tliree, — one of them Tempers comet, 
whi(dv ia very interesting in its relation to the November meteors, and 
is expected back in 1000. Finally, Neptune has a family of six. 
llalley’H comet is one of them, and two of the others have been 
c)l)aerYed for a second time since 1880; the other three are not due 
on their second vetnrn for some years to come. 


1* 740. Origin of Comets : the Capture” Theory. — The generally 
accepted theory aa to the orUjin of these comet families is that the 
coinctB which compose them have been captured by the planets to 
^vhloh tliey now belong. 

A comet entering the system from an infinite distf/nce, and moving 
in a parabolic orbits when it comes near a planet will be either 
ucceloraied or retarded. If acedevaied^ its orbit becomes lujperholic, 
and that is the end of that comet so far, as the solar system Is con- 
corned ; It never returns for a second observation. If, on the other 
hand, it is nUmhdy the orbit becomes dlipHcaU and the comet will 
return at regular intervals, moving in a patli which, of course, always 
[)asHes through tlio point wliero the disturbance took place. 

It is true, as Mr* Proctor has pointed out, that the attraction of 
Jupiter, luigc as is Ins mass, could not at one effort a para- 

bolic orbit into au orbit so small as tiiat, say, of Biela*s comet. But 
it is not necessary tliat tlio thing should bo done at one effort, ihe 
eomot’fl orbit lies near to Jupiter*s, and after a lapse of time, Jupiter 
and the comet will be sure to come alongside again : the comet may 
then 1)0 8ont Into a hyperbolic or parabolic orbit, - the chances for 
such a result are nearly even but it way also have “ 

Hocoml Him cUmlnM, and U» orbit ,m(k still smi^ler; and this inaj 

bo done over and over -again 

•comet falls at such a distance wltliin the orbit of Jupitei that tl e 
planet is no longer able to disturb it seriously. ^ """"f j; 

onormous* 
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It may be adclocl that the roHUltfl of the recent of rr<»fi'f<.Hor 

Xe^vtoii of New riavon upon tlio niit.nro ami <llH(rl1Julhiii i>r eon n* I m y nihil m 
are favorable to the liyiiotliosia (hub come Us cniiie iiilo llie aolrir wyslnn rrnni 
outer apace, and do not orlginutn within j(>. 

74fl. The " Ejeotioii ” Thoory.^ — Mr, rnmtfir Ims Mug-geelerl, mol 
vigorouflly dofomlofh a very (lifForoiit theory, — that com an* rnffsava 
which hove been thrown off from ihc heawMljf hodica bjf v.ruptinm oj lamiv ntu't \ 
fcliat the, comota of Jiipitor’a family, for iimtiniee, (Uiet^ formed u ]iortlnii of 
its mass, and woitj at aonio timo ejected with u Y(hnrily HullleliMit in net Hum) 
free in apace; and that many of the paralxille ennielH mny )iu\’n Inum uini- 
ilarly ejected from our own, or from other huiih. 'Ihe mu in dillleiilty wi[ |i 
this theory is that there is no ovJdenco of the inu’i'sHury (wiijitive energy in 
Jupiter, or in any of the planotfl* A luidy would have to leave Hie iipjier 
surface of Jupiter’s atinosplioro with u velocity exceeding jhtrfy-llve niili'H 
a second, in order to fulfil Lho condit.ionH of the pniblem, and le'eoino 
independent of tlie parent 

It cannot bo said, howQvoiv that Ihoro Is any spi'chil mcvhiunvtif dlllhmily 
in ^apposing that some of the ^xiruholk (unnots may owe (heir origin (o 
emptioiifl from distant sums. Our own Ruii lUKiucHtlonuhly honietliiieH (»jeidu 
clouds of matter (in the form of tlio Bohir jminilnenecs) wllli cnkormiem 
velocity, perhaps in some oases Bufllolonb to send (hem olT iiil.o njmn', Jliii 
BO far as wo can make out from the speotrosoopie cvidcmcc, (.lie mntm'lid of 
comets Is not identical with that of the prominences* 


742, Bemarkahle Oomet^, — (i) l[allo.y *9 Thin wuh tiitt 

flreb periodic oomot whoso return wns pvodlutod, Ihilluy Ijusiul Idn 
prediction upon tho fact that ho found Hh oihlt In 1(IH2 to hu iimirly 
identical with tlioeo of tho comots of 1(107 and wliloli liml hem 
om*6fnlly observed by Kepler and Apian ; and Im nlsu found recordH 
of the appearance of groat oomots in Mr>n, In IJIOl, in j mnl 
10G6, which would correspond as rogurds tim tlnicIntorvalH Ooimonunl, 
though data woro wanting for an ncourato culculallon of tlndr oihllM. 
He noticed, of course, that tho two IntorvalH lietwcun Ifini niul 1(1(17, 
and between 1607 and 1682 worn. nob quite equal j but liu Juul sagiUN 
ity enough to sec that tho dilToronceB woro no greater than nilglU bn 
accounted for by tho attraotloiis of Jupitor imd Saturn, 


The tlwry of perturbation wna iioIj then sunieicutly dovnlomid U) malto it 
Saxt iLmroSl" ff “I'”/ wlmt tlifl Gffoot wmiia l.o niMm tlio 

which the comet might be expeotecl. Ibifoia tlmt dutc, liDwoveii- iniitli- 
Claiieut, flo tho reeult of a n.oot laborious iuvostigatio,, flxo.l „imu Aiu H 1 j 
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foi Hit) pciilii'lioii luissagp, but in iniblishitig hii lenult, he lemailced that 
1 . iinglil (Misily ho a inoiilli out of the way owing to the inieeitnnity .is to 
Uiii iiia-isi's ot liio planets, and the possible action of iincliseoveied planets 
Inntnid hatnin (Uiamis and Neptniio weio thou unknown). The comet 
in'dmtly tame to iMnilu-hon on Jljiich 11! At Lius letuin it was best seen 
111 tiui snutlKjin hnunspl 1 ( 210 , and at ono tune bad a tail neaily 50° long At 
Us uo\t i ‘Uuii, lu it caino to the piedicted tuiwi ^Ylthlll two days 

il did not appo.n on this occ^asion as an oxtiemely bulhnut comet, bub was 
u»usi>iuvblv oonspiouous, with a tail of the Hist type (hydiogen) about 15° in 

Its next lotum ^^UI occiu in oi about 1911, but the necessaiy calculations 
luiMi unt l«sni iiuido to dutcnmiiQ the date with aecuiacy. 

'riio most loiimiluihlo ol its eailiei nppeaiances ^\elG in 1066 and 1466 
'I'lio romi't of 1066 hguies on the Bayoiix tapestiy ns apiopitious omen for 
IVilliaiu Ihe (hunpu'ioi (of England) In 1455 the comet, accoiding to 
pupulai was foiinally oxcomniu ideated by Pope Cahxtiis III m a 

buU dutsiod mainly agiuiist Ihci Tuihs, who weies then thieateumg eastoiu 
ICuiopo U IS doubtful, howovci, wbcthei such a foimal bull was evei leallj 
pi oinulgaieih 

Y43, (2) Gomot* This is iutei*csting us the flibt of the 

HliorL-puiiod eomets, and also as the comet having the shoitest known 
lime ol levolution, — only about tlnce yeais and a half, Encke 
Ihrtt detooted its 2}enodiaijj m 1819, but it had been fiequently 
obHi’ivod during the preceding llfty yeais, and has been obseued at 
uliiumt cveiy lotiun uinco then It is usually visible only in the 
tidoscoim, though somotinics, under voiy favoiable cucnmstaiices, 
it can be seen by the inked eye, with a tail a degiee oi two 
long. It iH often inegular in foim, and ‘Mnmpy,” and seldom 
hhows a w^ell-doilued micloiia; nor does it exhibit very much that 
is Intoieslliig in the way of jets, envelopes, and oibei cometaiy 
f leaks. Wo have already inentioned its lemaikable conti action in 
voliimo on appioachlng the sun (Art* 715), and the piogiessive 
Hhoi toiling of its period, which has been asciibed to a resisting 
niedhim (Alt. 710) . 

744: (a) JhaWif ComH. This is also, oi lather wasy a small 

comet with a poiiod of 6 0 yeais, — the second comet of shoit penod 
in Older of discovery Its Instoiy is voiy niiei eating. It was dis- 
covoied in 182G liy Biela, an Aiistiian omcei, and Us peilodic clmi- 
iieler was soon detected by Gambait, whose name is connected 
with it by many French aiithoiities. Its oibit comes wkhm a 
voiy few tliousand aniles of the eaith's oibit, the nearness varying, 
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of course, from timo to time, on account of portiirbatloufl. Tim 
ftpproacli is often so close, however, that If the oomet jukI tho oai’th 
were to arrive at the uonrost point at tho same timo tliofo would be a 
collision, and the earth would pass througli tho outer portions of tho 
comet's head. At tlio return of the comet in 1832, some one started 
the report that such an encounter would occur, and In consoquoiico 
there was something hai*dly short of a panic in southern Franco, tlio 
first of the since mimorous “ comet-soares.’* At this timo tho coinot 
passed the critical point about a month before the earth reached It, 
BO that tho two bodies wore never really within 13,000000 miles of 
each other. 


74fi. At the comet’s next return In 1830 it failed to bo observed on 
account of Us unfavorable position In tho sky ; but in 1840 It duly 
reappeai‘ed, and did a very strange tiling, so far uuprococlontecl. It 
divided into two I 'When first seen on Novoml)cr 28, it prosented tlio 
ordinary appearance of any newly discovered comet, On J)ou, 
19 It had become rather poar-sliupcd, and ton clays later It luicl 
divided, the duplication being first soon lu New Ilavoji, ami soon 
after at Washington, some days before any European aBtrononicr 
had noticed it, 


The twin comets travelled along aide by side for more limn four inoiitliR, 
at an almo.?t unvarying diatance of about 100,000 milofl, without showing 
the least sign of mutual atbraotion or disturbanoo| but inhn'iially both 
ooinets were intensely active, each developing a nuolouH very brlglit for a 
teleaoopic cotnefc, with a tail some half a degree in loiigtli, and showing 
curious fluctuations of light, wliioli aooined as a goneral rule to alievnatoi 
whenever cornel A bilghtened up, ooinot B grew falnior, and vic6 

During a part of the time the two cometa wore connootod by a faint are ot 
light. 

When next the comet rotunied in August, 1862, It was under niLlier 
unfavorable circumstances for observation, but the twhm woitj both scon, 
now separnted by about 1,500000 miles, 'and travelling quietly in Ihoir 
appomted orbits. Neither of them has over been soon again, althougli thoy 
ought .to have retiu-iied flve times, and more than onoo imdor favoiablo 
CO ndi bon 8 for visibility. , 

t 740. Dot tho atory is not yot enclod, though tho vomnliidor por- 
haps belongs more properly in the next chapter of our book, 

nis * ^®72, jnst UB tho earth was pnaBlng tho 

Bhow6r°^A ? ®“oo"“t6rod a wonderful jnotcorlo 

Bhower. As Mias Gierke expreBses it, perhaps a little too positively, 
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It booaino Gvidont that Blela’s comet avrb Bhodchng ovei ub the 
pulveiiZQcl pioditois of its disintegiation 

Tlio same thing happened again ui Novembei, 1885, when tlio 
oaitli once moio passed the comet*s path 

The mctoois of Una so called Biclid swann> in then motion tluough 
the sky, all appear to come fiom a point in the constellation of 
Andioniedii, iinil au* thciefoie sometimes called the Andiomecles/' 
and their motion m paiallel to the comet’s oibit, at the point wheio 
it mtei seels oui* own, 

747 (1) DoncMs Oomet of 1858« This, on the -whole, was per- 

Inips the ftuGst (though not the laigcst oi the most extiaoidmniy) of 
the comets oi the piescnt ccntuiy, having been very favorably situ- 
ated for obscivation in the October sky. 

It ^Yas discovoicd at Tloionce as a ielosoopio object on June 2 It did 
not, bowovei, become visible to the naked eye until neai the end of Augnst, 
when it began to exhibit tlio boiuitilul phenomena which liavo made ifc, bo 
to speak, the noimal mul typical conioi The comet had an appaiently 
wolldodiiod nuelous, which vmied in diamolor at difloiont times fiom &00 
nulos to 3000. l^oi Rovoi<iI ^YOolcs the coma oxlnhitcd in unuvalled peifection 
the dovolopinout and stiuctme of concontiic envelopes, Its tail was of the 
second 01 hydiocaibon typo, with faint tangential stioameis which belong 
to the fust or hydiogon typo, it iiad a maximum appaient length of about 
oO^, and was bonio 6° oi 0^ wido at tho extiomity, and its leal length was 
about d5, 000000 miles, with a width of 10,000000, The object was kept 
undoi accmalG obseivation foi fully nine months, so that its oibil is unusu- 
ally well dotoi mined as a vciy long ellipse, with a x^oiiodio time of neaily 
2000 yeaia l^'igs, 107 and 100 show its pihicipal foatiucs, 

Oui Bpace xioimiU us to cite in detail only one othei comet, — - 

748. (5) The GiQdi Qomet of 1882, which will always be lomom- 

beicdf not only for its beauty, but foi the great variety of unusual 
Xiheiiomena it xiioscnteil 

Discoveiy and Btuihtness Tho comet seems to have been fust 
Been as a naked-eye object by some one -svhoso name is not given, at 
Auckland, New Zealand, on Sept 3, By the 7th or 8th it had 


1 Hist Ast in 10th Coiitmy/' p S8t It la probahle enough that tlio weioora 
^sero really the product of the cowet^s ** (hsinteg)aiwn’* , slid it is by no means 
coitnln It iSj of com sc, hoyond qucBtion that they hear so»ie relation to the lost 
comet 
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l)Gcora0 soluowhnt coiiHpluuoiifl, iind avhh observed both nt 
(South Araot’icft) and at tliu Capo orCiiood llo[>u. Ifc wmk 
to the uorthom JiomiBplioi'o by Cnils, of Uio Jaiudio, on Srpl, 
11, but mu uot ecoii iu tlio north until Lho day whoji it paHHod 
perihelion, Sopt. 17. It wuh thou indojxjiidontly tHMrt)vin'od liy 
Goiiimou, ill England (wlio had not iioard of (h‘ulH\s LuU'p:raiu), iu 
broad daylight, within 2° of tho nun; and tho next day it wub Hiiiii- 
larly discovered by a iinuibor of obHorvors, oH[)onially by 'Tho I Ion, at 
Nice, who observed its Bpectnnn In full suidiglit, and iiioaNun'd tbr 
displacement of tho sodium lines produced Ijy Its inotion. It wim 
bright that there was not tho slightest difllciiUy In sooiufjf it l>y alinijly 
shuttiug off tlio sun with tho hand liold at nrnds length, 

749. Transit aoross the Sim’s Disc. — On Um urtunui.n, nf I hn 
its npproncli to tlio sun’s diso niul ncLiuil itonUust wlLli it wuh <»hKci vi'd l>y tV' n 
porsons at tho Capo of Good Mope, witli tliosainu tolcwoopo innl diirli ulii'isf '. 
ordinarily nsod for obsorving snii siwt.s. Tlio coniot Hooinoil ti, Im iiu In ip.hl 
ns tho aim’s anrraco ilsulf, aiid wiw followisl rlglit uii to lln' sim’.s linil>. 
whoro it vaiiishod so iiMorly tiuit tlio olworvorH siipposod tliitCi it liiiil 
behind the sun. On the oontriiry, liowoyor, lb piissod iHroctly imrus.s tint nnii' « 
disc, but nb.solutoly iurisiblu; tlioro wiis not tlio loiist Iriuiu i.f it ii|i(iti Ihi' 
suns surface, so that wo must HiipjHiso it to linvu Ihmiii .sonsility IriiiiHjuin'nl , 
It must liave travorsod tho diso iu loss ttiiui llftouii iirnuitos, tliiiiinli iiiifi bonll v 
clouds provontod the obson-iition of its exit, l-’or four diiyH iiflor Mi.! lo-i »- 
liolioii passage it romaiiiod stilt visiblo to tlio iiyo liy dayliglit. On .Sopl . u’uM. 
a French obsorm- in Paris' nsoonded in a balloon to obsorvo it, iiii.i sitoi-onlo.l 
in seeing it, but not iii getting any viiliiiiblo resul(>i. A, fow days iiioi.t 
carriod it so far from Lbo sun tlmt it iMieamo a iniigiillleent oli|it(!l for Mm 
hours before sunrise. 


760.^ Member of a Comet Group. — vVh inm limm h(.jiI.iuI Imfiuv 
(Art. 705 ), Us orbit — lit least, tlmt portion of It within Ihe 1.411'Mi'o 

orbit -^coincides almost cxnotly with the ortilts of three uLlier wniieio 
belonging to tho sumo group! vi/„, tho eoiiiotH of JdtiH, IKlJi, ,in.| 
1880. The salient peculiarity of tlieso orliits lies in tliu Wosoiie.s.s 
timr approach lo the am, tlio perihelion distiinee of eri,,-!, of ||n,i„ 
e ng ess than 460,000 miles, so tlmt timy nil piisHod wlLliln :i(ll),Gt)ci 

fh • ®'^coik 1, and carried them throiiprh in(p« ,,p 

the aim a coronal regions did not disturb tlioir motion In tlie leimt, iin 

frora^n" T *^*^'’*' the comet of I8«a, (loiluceil 

fiom the observations made before tho perihelion pimBivge, iigrncn 



0Mu*ilv with that actlnccd fiom thoso made aftov it The mfeicnee 
«« U» the OMiemo vaiily ot the sun's eoioun m obvious Only one 
othcu oomot-Newton'seomet ot 1680 ~ has e\ei nppioachecl even 
tu-tuiy as <-ioso to tho sun as the foin comets of this gioup 


I lie eomei (oiitimiedvisil.le until Mnich, .iiul this long peuocl ofobsciva- 
Hort eihthled the loininiteis to dotoiinino the oil.it «ith .i gieiitoi tleeiee of 
iK iuiiicy ( um is usu.d 'IVy .ill .igico m nuking it a voiv elongated 
■'llipse, vMih a iieiio.1 unging fu.in O.'iO ye, ns to SHI yews, accoicUng to 
'(Ut.'i.ni ...nipuleiH Fit. yiM, iti.aseiits iho imm ol tlio oilnt .md the 
WHY in whieli its i.laue .s lelaled (o tli, oihit ot tlu e.uth 



761 Tolesoopio Features — Whon tho cornel fiisi hocamo tele- 
HCopK'ally obHorvahlo m tho uioinuig «Uy it pxosontecl vciy ueaily the 
ixoinuil ui)j)Ciiumco Tho niieleii& was aensibly circuhxi, auvl thcie 
wcuo a niuiiber of clearly clevelopctl, concentnc envelopes m the 
IkhkI , Iho (lark, sl\ado^Y“llkc stupe bcluiicl the micleus was also well 
inaiUoik In a few clays the nucleus bccaino elongated, and finally 
HtMfic‘hO(l out into a longlhenocl, Inrainous stieak some 50,000 nnles 
111 oxtont, upon wbiok there wcie six oi eight slai-Uko knots of con- 
donsiiUoii Tho largest and bughtost of these knots was the tbiid 
fiom the forwavd oivl of the luio» and was some 5000 miles m 
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diuuoto. Tills “string of IKintls" .smtlmwl 1" ',',11,1"''!;,!'' 

tliooomct ».s visibte, »Mil «t lust tt.« ICKl" 1 "1 
This fact, of course, miulo it (lilHcull; to Ilx iiixm ll't' I**' 

bo observed in determining tli(s ooiuoC’h positioii. .t.S 

When the nuclens lli-st broke up in tins wiiy, Uio diir v s a pit ^ 

it was still conspicuous, mukiug, liowovcr, a Hllglit aiig o "* 
of nuclei. A bright streak followed the line <il lUKi ei, aiu m a 
days this seemed to cuoronch on and to olditnriilu llic dai k Hii iju , * 
that after that time the backl)ono of the coiuet's tad lamaui;' lu lpht 
instead of dark, as it had boon prcvi<)U.sly. 'L'ho engraving (!• ig. 



Ool, 0. Ifi- 

Fuj, 207, —Tlio I rein! of (kto Oivnl of IHH'Ji 


represents the telescopic appoamnccMiO Prlnooton oa OciL. U anil 
The comet couliiuied to bo visible with tlio toUmc(j[u‘ iiniil it 
more than d-70^000000 miles from Uio earth, a (liKtuiHiO Co wltlali n»» 
other such object has ever been followed, except Ibo singU? ronad 
1729, — the one whose perihelion distance exceeded f<air llincM 
earth’s distance from the sun* 


753* Tail, The comet was so ftitnated tliut its tail wan not 
to the best advantage, being directed nearly away from llio ourl.li, ni+* 1 
never having an apparent length much exceeding 115®. In thin 
it has, therefore, been often surpassed by much inferior conuds* Tint 
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nitltiul idin^th ()!;’ lihc Uil, ]io\vovei\ ut oiu3 time excmUul 100, 000000 
— Jiumi than tlio distaiujo of the earth from the siiu. It was 
<4' tlie or liydvucarbou type. 

A a»h([iu? uihI so hu- utterly uuexxAaineil plmnomeuon was a hunt 
.sl raiKlili-odjiftMl beam of light, or sheath that aeeompainad the 
rniuoli, eiivolopiJig the Iiead iiud projecting three or Imir degrees in 
I rout <jf it, as slumoi in t)jo figure (IHg. 208), llesides this, at dif- 
h ' re I i f; 1 1 } 1 1 (‘ s , th re* or h ui r i r r egul ar si ired s of eometary matter were 
\yy Hrdnnidli, of Atlioiis, and other observers, aecomjninyiug 
e.omcd* at a distauee. <if three or four degrees when hr*st secii, liid 
grad mil ly rueinling IVoni it, and at the same time growing laiiiter. 




■5«.~'nu> “SUeml.;- «ml Att.ndam. of tUc Co.net of In.!-’. 


In.rovD pitHMitg tlic ^ i„ passing tl.o iioril.-linn. 

,„„n.t win... ....ftf J.«’nu.ho„. J i,as tinu. thv... I.ou.s, 

..iuiiiK.nl lltu .liftict'um o£ it« nwUou by .,. ,,„j ,a,foi,. tJ... in-n- 

il ;i, ci: cnn..., that. tin... Us lull 
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billed action of the sun's giftvitution mid ropulBimi, uiul oiiloiilation oiiii hIioiv 

whbthor any of its fragnionts could ImvB occupied tlio iwsltioii luid Imd nio 

motion possessed by these companion -comets, 

tVo close the chapter with n few renifti'lcs upon a suVijuot whioU 1 w»h 
been miioli discusaed. 

763, The Earth’s Danger from Comets. —It Imn Imon 
that comets might do iia hai'm in two wnya, — otthor Ijy iiotiially nh lin- 
ing the earth, or by falling into the euu, and tium i)ro(liH!ing nii 

iiioreoae of sofnr boat as to burn ns up. 

As regards the possibility of a collision with a uoinoL, it In to Ik' 
admitted that snoh an event is possible, In fact) if the oai'Ui tnsiK 
long enough, It is praotically sure to happen; for there avu hu>kku 1 
comets’ orbits which pass iienror to the oarth^s orbit tluin tlio Kuin'i- 
diamefcer of the comet’s bead, and at some tinio the oar lb untl ooiuol. 
will certainly come together, Such GiicouiilorH wlll» howevor? bo vovy 
rare. If wo accept the estimate of llabinot, they will ocour ill unit 
once in 16,000000 years in the long run, 

As to the consequence of encli a colllsloii it Is lnipoHBll>lQ to B 2 ioab 
with confldence, for want of sure knowloclgo of the stale of 
tfon of the matter composing a comet. If tlio theory ])veHontod in tUlK 
chapter is true, everything depouds on the sizo of the sopuruto Hfdlil 
particles whioli fonn the main portion of the comet’s mass. If tlu‘y 
weigh ( 0118 ^ the bombardment expcrionccd by the oartli wlmii Htriudc 
by a comet would bo a very sorloiiB matter j If, as soojnH iihmk' 
likely, they are fov the most part smaller than pin-hoada, tho ronult 
would be simply a meteoric shower* 

764. Effect of the Fell of a Comet iiito the Sun. — Aa rognrdn Mu' 
effect of the fall of a comet into tho buu, It may bo stated tlmt> oxoupl, 
In the ease of Euoke’s comet, there Is no ovidoneo of any action going 
oil tljflt would cause a now existing pmodio coinob to strike tliu Hnn’n 
siirfflce ; it is, however, undoubtedly possible that a oomob may oiilr r 
the system from without, so acourately aimed that it will hit tim huh. 

But, if a comet notiinlly sti'ikes tho eun, it Is not likely that tho loasi 
harm will be done. If a oo met, having a mass equal to 
the earth 8 mass, were to strike the eun's enrfaoo with the ptirubollc 
velocity of nearly 300 iniles a eocond, it would gonorato about im 
much liont as the sun radlatoe in eight or nine hours. If th!» woro all 
instantly effective in producing iueveased radiation at tho Bun’e HUr 
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face (inci casing it, Bay eightfold, for even a binglo hoiu), mischief 
would follow, ol couibe But it is ahnost ceitain that nothing of tho 
sort would happen Tlie comctaiy pai tides would pieice the photo- 
sphciG, and libei ate their heat luosUy hdom the wki) stoface^ simply 
expanding, by Home slight ainounl, the sun’s dmmotoi, and so adding 
to its stole of potential eneigv about as much as it oidinaiiiy expends 
in a te'SY horns Tlieie might, and vev^ likely would be, a hash of 
some kind at the solai surface, as the showoi of conictavy pai tides 
stui(‘k it, hut piobably nothing that the astiononiei would not take 
delight in w atehing 
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CHAPTER XVIJT 


^^rKTEOUS AND SHOOT INO ST A US. 


766. Metoors. —Occasionally bodies fail on Lho otirth from Die 
sk7, — maasea of stone or iron which aomothncB weigh suvcM’al lonn, 
During iu (light tlivongli the sky such a liody is called a viotooV) iiiul 
tlic pieces which fall from it nro called viel(*orCieSy or cwroliteti (nir- 
atones), or uranoWhs (lioav(?mstonoB) , or simply vt(U<ioric Hloncs, 


768, OironniBtaiiceB of their Pall, “—The dronnmtivnccH wlil(di 
attend tho fall of a meteorite aro in most caBcs Hubstantially im 
follows, If it occurs at night a hull of Hro Is booh, wldtjh inoveH 
with nil apparent speed do pending hotli on its real velocity and on llio 
observePfl position. If the body is coining ‘Mietid on,** so (o speuk, 
the motion will bo comparatively slow; so also if it ia very dtHlniit. 
Iho fire-bnil is generally followed by a luininoUH train, which inarkti 
out the path of tlio body, and often contlinios vlalblo for a long tliiiii 
after tbo in ole or itself has dleuppenrcch The motion is seldom cNiiotly 
straight, but Is more or loss irregular, and every hero and Ihcro nhnig 
its path the meteor seems to throw o(T fragments, and to (hungo iln 
course more or Jess abruptly, If tbo observer is inmr niiougb, ilu5 
flight is accompanied by a lioiivy, eoiulmtons nmr, accontnntml 
by sharp detonations which accompany the visible cxiiloshiiiH liv 
yich fragments are biivst off from the prinolpnl body. Tlie holHo 
is soinetlinefl tremendous, and heard for distances of forty or fifty 


If tlie fall ocora'8 by day tho luminous appoarnnuos nro, ofooiivni', 

pr ncipnlly wnutliig, and white clouds take the phioo of tho llio-biill 
and the train. 


. Zi. ‘'“'““'r’ 

^ MBually there aro many separate fragmonlw 

i«l.v .„ „l Z " 

. I Ita 

, nr, ■’“'''"p* ™ to", z S 
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with nickel. Thoie arc also a good many oases of luauohths, winch 
live mainly stony, but have a coiisideiable poitiou of non dissenu- 
nail'd Ihi'ough the mass in ^lains and globules, and neatly all the 
stony iivanollths oontani ns ranch as twenty oi thuty pci cent of non 
iu Iho foiiii of sulpluclos oi iiHiiIo^oub conipouucls 

768, 'riio only non metms \ohth have been aUmilUj seen to fall so fai» 
and mo u^piesontod by Hpooiinons in oiu imisGinns, me tho following — 


(l) 

Agiam, llohonna, . 

1751 

C^) 

DiclcHon Co , Tonnessee, 

, 1835 

(!>) 

Biaiinan, Bobomin, 

1817. 

w 

Tab.ii /, Saxony, 

1854 

(0) 

Nojed, Aiabia, . 

18Go 

(0) 

Nodagollah, India, 

1870 

C7) 

I^laysvillo, California, 

1873. 

(») 

Uowton, Sluopslme, England, 

1870 

(ft) 

1‘jimnolt Co , Iowa, 

1870 

(10) 

Ma/apil, jMoxko, . 

No^ 27,1885 

(11) 

Johnson Co , Aikansas, , 

1880 


'riio JCnnncdi County non was mostly in Hinall fiagments, niicl along ^^ltll 
tlioni tb(3i(uvoio many Im go ftionos with quaiiiilioH of non inchiclod The 
Hopmabi fiugmonls oC pine non winch i cached tho eaitli piobably came by 
iho bH*altmg \\\) of tho stony masses. 

Ih’shlcH lliCHO bon imdcoiH which have been seen to fall, oiu cabinets 
contain a voiy huge nuniboi oC ao oallcd meteoiio iions , « e , masses of non 
found imdoi suoli cuouniHiauoos that they cannot easily be accounted foi in 
any way except by 8iii>posing them to bo of mcteoiic ougin 

Y69, Tho number o£ moteontos which have fallen since 1800 and 
lausn gathciod into oui calnncts^ is about 260 Tbs most leinaikablo 
falls ni ibo Ilnilod Stales have been the six following namely, Weston, 
0(mnectieut, 1807, Ihshopsvine, So Gaiolma, 1813, Cabauus Co, No 
Cmohna, 1810, Now Concmd, Oluo, 1800, Amana, Iowa, 1876, and Em- 
m( 3 lt Fowa, 1870. Tn the fust case and tho tluee last, se^elal huiuhed 
fiagnionls foil at tho Baine time, langiiig m ai/e fiom fi^e luuidied pounds 
in iuiU an ounce, 

700 Twenti/^foiu of iho sixty seven known chemical elements have 
been found lu molcois, and nob a single ne\i one. The mmeuils of 


i In ihla eounliy the cahhnU of Amheist College and Harvard and laic 
ITnWoi sllloB luo especially i leh In metcoritea The finest collection in the orld, 
hoivever, is Unit at Vienna The ( ollection of the Biitish aruseiim is also note 
worthy I as uell as that at Ihnis 
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which meteorites are composed present ji great rfisoinblinujo to liei‘3-4!Hii‘ia1 

minerals oF voleaiiie origin, I ml. 
luaiiy of iliein are ]ie(:u1i{u\ and 
found in uieitei>rs only, ('Dicj 
study of til use inotoorio nilii' 
erals is a very ourioiis ainl iiu- 
portaut lu’aaoli of ininai’jiltigy, 
though Dutiirally it lias imt 
many votaries,) 'rim (xuui sir mill 
pmsQiico of earlion into he* Kpi'’ 
cially noted, ainl in a iiude'or 
which recently foil in Itussia f lia 
oarboii appeared to 1>(» in ii enys- 
tallino form, idontieiil with tim 
black diamond, though in ux- 
ceedingly miimto partielea, h'ig. 
200 is from a jdiotogTupli eif a 
fragment of one of tho^notoorio 
stones which foil at Ain ami, Town, 
in 1875, 'Dio pioturo is tukoii 
by the pormisHioii of tlio puh- 
lishors from Professor Taingloy'a 
“Now Astroiioi ny,” whores Ihii 
Imdyis d<?signai(Kl as <<pfu*(i of a 

Pragmtfnt of one of the Amnna Meteoric StoncH. COinot.” 



Fi<j. 209, 


761. The Crust — The most clmractcrisllc extormil Poatnro of nn 
aerolite IS the tliin, black crust that covers it, usually, hut not iilwayH, 
glossy like a varnish. It is formed by tlio fusion of tlio siirfaco in Iho 
me eoi s sivitt motion thvoiigli tlic air, and in sonio casos nciiotrivtoH 
c eep y into the mass of tlie meteor through nssurcs nnd voln.s. It in 
largely composecl of oxide of iron, and is always sti-ongly inagnotio. 

h exhibits pits and liollows, such us wcnilil 
0 piocliiecd by thrusting the thumb into a mass of putty. TIusho 

Stanrps'rlm-'''' 

stances diiniig the meteor’s flight. 


762. Magnitude. — Of the meteors actunlly seon to fall the liu’ircst 

Ich We., soim, times l,euii 

g *1 '"pe, in a few case s, amounting to two or tlireo tons.* 

to weigh fully sixteen O'’"'"*'* »' «« ««td 

} 1 en tons. As icgavds son.e of these hypothetical .nelcorltes. 
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As been from a distanco of intiiiy jiiilos, tlu' motooiiG iii e-ball soiiie- 
tnnob ax^poaih to have a diainetov as laigo as the moon, which would 
indicato a loal diainctcH of sovcial luindioil feet, The groat appment 
si/o, how over, is an illusion, paal> duo to ii‘i aduitioii , and paitly, 
undoubtodly, to tho fact that Iho meteoi itself is snuoiinded by an 
oKtoiiKiYo envelope of heaiod an iiiul buiokc winch bcconieb liniunoiis 
Uuoughoiit Ko nieiooi evoi yet iiivosligaled Avon Id nmko a mass ns 
huge as leu loot in d mine lei 


763 Path — When iiineteoi has beoMi obsoivod by a mini her of 

peiHoiis at (hQmenl Avho luuo nolod aii^ data wdncli wall give 

Us altitude and beiuing at idontined inoineiits, iho path can be com- 
puted Obseuations liom a single point arc AvoUhless foi Ilia pui- 
tiose^ Bime they eiin give no injoimation as to tho meteoi’s disfance 

The meieoi is geneiallv first seen at an altitude of lietwacn eighty 
and 10(mndcs, and disappeiiia at an alUtiide of hotween Jlwo and ten 
nidus The length of tho path may be anywhcio fiom 50 miles to 
500, aecoidnig to its niehnation to the eiiitlds siuface The Nolocity 
IS rather diniiailt to aseeriain, but is foinid to range fiom ten to ioitj 
miles pel seeoiid at the moment whon tho meiooi (list becomes visible, 
and diminishes to one oi two inilos poi second, at the time ivlien it 
disappears I'lie awnujo veloeity amUi wliicli uuitcors eiiior the 
atmospheiG appeals iu>t to var^ mneli fiom tlie ^'paiahoHo \elocity'* 
ot twenty-six nidos per second, due to the buiVb atti action at the 
enrtlds distiinee — a faet which, of ooiiise, indicates thut these bodies, 
wluitovm their oiigiii may be, aio now moving in spuco, like tho comets, 
undei Uu* sim^s atti action 

\V’iUi possibly a viay few exceptions in oases wheio ilie melem rjUmp’i^ 
so to speak, on tho oaiUi’s atinosphoio, hkn a skipping stono on waiei, a 
body whicii has ouco enieied tho an is suio to bo hiouglit to tho gioiind 
it IS laudly possihlo that ono uioteoi iii a indlion should escape afLor becoin 
mg involved in tho atmosplunc Wo montiou tins espeomlly, because 8(nni‘ 
authoutiOH 01 1 oneously Hpeak of it as a usual tiling foi tho inotcoi to keep 
on its coin so, and leave flic eaith, afici tin owing oh a few fiagments 

764 Observation of Meteors — -'Dio object of tho obsorvatioii 
should be to obtain accurate estimatOB of iho alilindo and avdmuth of 
tho body at inomonts which can be identidod. At night this Is best 

hovvovci, tlicii ineLeoiic oiigm is iiuac than (iiiestloimblo , such, for InatanCL*, is 
the case with the Ovifak lion found hy KoulenskioUl on the const of Giecnlaink 
and exhibited at tho Phllndolplila OcMilcMininl P\ldhltion 
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done by noting the poaillon of tho motoor with riiforciico to noigldun* 
Ing Btars at tlie moments of its appcarniico and disappoamiieo, or of 
tliG Intervening explosions. In the dnytime it can often be done hy 
noting the position of tho objeot witli rcforcnco to trees or buddings. 
The observer should then mark tho exact position wliero ho is standing, 
so that by going tlicro afterwards with proper limtrnnmnts lie nan 
deter mi no the data desired. 

Of comae, all Ruoh mcasiireinents must Im given oi nncjular uniis. 'Vo 
s^ienk of ft motcoi* an having an idtitiulo of twenty fM, and pnvsning u path 
lOU /m long, ia meauingles-s, unlesa tho size oE tho “foot” is aonmh(n^• 
de fined. 


The determination of the nieboor‘0 velocity is morn dlflUnilfc, as it 
ia seldom [lossihlo to look at a wutcli-face (piickly Giiongli^ ovem in 
the dtiytimo, The usual conrso ig fur tho observer to vc]iont soiiio 
familiar piece of doggerel as rapidly as possible, beginning ♦hen Uio 
object first becomea visiblo and stopjilng when It oxplodcH or cliHUp' 
pears^ noting also tho precise syllable wlicrc he stops, Jly ropentin^ 
the same aciifcnee over again before a clock It is poHsihlo to deli^r^ 
mine within a few' tcntlis of a second the time oociijiied liv tlu) 

. meteor s fliglit. 

766 . Explanation of the Heat and Light of a Meteor. — 1 ' I u-.mc 
aie (Iiic sitnplj to tlio cleati'iictioii of tlio body's voloctt_y ; Itn kiiii‘li<i 
ninsa-Diiergy of motion is ti’iinaformod into lioiit by tlio frlotbin of |.|ii< 
nil-. If a moving body wboae inaBS is jif Iciloicmnis, iu)(l its voJooK v 
metios per second, i.s stopped, tho niimbor of calories of linnt 
developed is given by the equation 


(i- 


HUSO 


(,Art. 


i-tj. 


vein! "r ‘^''0*''ed in bringing to rest a body ivlilcli has a 

.non, vasfl "o or twenty-six miles a aooo.ul, Is ci,.,- 

thcmosrre rT <>'’ 

bi' produced ‘hv'u' I'undreds of times nioro tliiin would 

■S'en ,,i r ''’"BS of coal- 

upon its surf«co.''r‘sir 

effect of tim riiHii rhi i ji Tl'omson bns shown, tlio tlicnnnl 

aniid degrees > and «- temperature of ninny thoii- 

I 3 0 o noted tlnit this temperature ie mdejieu' 
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lUiut (if the cliinsUi/ of the air throngli wlucli Lliu iiieleor nmy be passmg, 
*riio (juantiti/ of heat clevolopocl in a given time is greater, of course, 
where tlie aii* is deiiHO ; but the ^ej?i.per«iw*e'profluGed in the air itself, 
at the HUrfaoo whero it rubs against the moving body, is the same 
wluitlier the gas be dense or rare. 


AVlien a moving body has a velocity of about 1500 metres per second, 
the virtual tcunpovafcuve o£ the siirrouiuling air is about that of red lieatj i\e., 
ilio body becomes boated as fast as it woidd if it were at rest and the air 
Jib out it w<n’0 heated to that tomporatiire. When the velocity reaches twenty 
nr thirty miles per socojid, it is acted upon as if the surrounding gas were 
1 united to the liveliest incandesceuco at a teini>erature of several thousand 
diigriu's. 'rho surface is fused, and the liquefied portion is coutiimally 
Hwupt ofl'by thorusli of tho air, condensing as it cools into the luminous 
powder that forms the train. Tho fused surface itself is continually 
vonowiul until tlu', vedooity falls below two miles a second or thereabouts, 
whmi it solidifies and forms the chavacteristic crust. As a general rule, 
tlinrefore, the fragimmts are hot if found soon after tiieiv fall; but if the 
Htono is a largo one and falls nearly vertically, so as to have but a short path 
ibvougli the air, tho beating offoct will bo m iii id y confined to its surface ; and 
owing to tho low cniul noting power of stone, tho centre may still remain 
intensely cahh reiuiniug nearly tho toinperatuvo whicii it had in interplaiie- 
iury splice. Tt is vocordod that oiio of tho large fragments of the Dhurmsala 
( I ndia) meteorite, which fell in 1800, was found in moist earth lialf an hour 
nr so aftor the fall, co((trd with icc. 


766. Ti’ftill. — Ono unexplained foaturc of meteoric trains cle- 
K('VV0H notice. TUoy often ronmln luminous for a long time, some- 
tiincH as mndi as luilf an l)Our, and are carried l)y the wind like 
elomlH. It is impossible to suppose that sucli a cloud of dust remains 
incumlnmut from lieul for so long a time in the cold upper regions of 
Uic atmosphere ; and tlie question of its enclnring luminosity or phos- 
phoresacnce is an interesting and puzzling one. 


767 Origin.— We may at once dismiss the theories which make 
metcoi's to be tlio immediale product of volcanic eription on the 
onvtli or on the moon. They come to us for the most part, as has 
been said, from tlie depths of space, with the velocity of plauete an 
flomots, and there is no certain reason for assumingthat they originated 
in any manner difl'erent from the larger heavenly bodies. 

At tho same time-! many of them so closely 
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lo send oJT its ejected iiiiflsiloa tli rough the eartirs ixtmoHplinro. Jiito Hi^nco, 
it is not certain tliafc this wfXB always so. Sonio strill maiiitaiii lliiit lln's<s 
bodies may be fragments which wore shot off millions of yours ago wlinii Mm 
moon’s vole aiioes were ill full vigor and the oartli was yonog. Hhicn tlinii, 
according to this view, these masacs Imvo beoii travelling around tlin nnii in 
long ellipses whicli intersect the orbit of the earth, until lib lust tlioy liappi'n 
to come along at the right fclino and on ooii liter lior Hurfacn, and ho roliirii 
the old iioine. 

As to the iron meteors, sonio maintain tliat tlioy aro iiiiiHSUH wliitfli Inn e 
been ejected from our sun, or from soino other star; and they fortify Llirir 
opinion by the remarkable bub uiiqiiostio liable faot that thoHO inetoorio innm 
are full of occluded ” hydrogen and carbon oxides Vliicli can bo cxlnodrd 
from them by heating them in a proper 1‘oceptnclo conuoct-ed a iiiim*- 

curial pump, Tlioy argue that those gases could liave I icon aliHOilmd ]ty 
the iron only when it was in the liquid state and ovorhiid by a doiisn, lied 
atmosphere containing them; and that, they say, is Just tlio condition of tln^ 
miunto drops of iron which are supposed to form part of thu plioiosjdim'c nf 
the Bun; upon oar sun or in some otlicr sun only could Riioli noiicUtioiiH lu' 
found. There is no question of the sun’s ability to project ninsHCH to pi in i« 
etary distances, as shown by t lie chromosplierio eruptions 'svhioh liuvo licini 
repeatedly observed by fltudenta of solar pliysics, And if our anii cun dii 
this, it is natural to suppose timt other anna can do it also, 


However these bodies originated, it isxintto certain tbatbofor<^ Mn^y 
reach the earth they have been moving indopendciitly iii Hpiioo for ii tnii^ 
time, just as planots and comete do. But a rocout imporLtuit ruHcmroh f>y 
Professoi Newton bna shown that more tlmif 00 percent of nmnn liOn 
aerolites, for the approxlmntp determination of whoso piitlm wc tin? 
data, were moving before their tell in orbits, not parabolic, but nnnbi- 
goiis to those of the short^perlod comets; and clireot^ not rotrogriulc* 


768. Detonating Meteors, or “BoUdes,*’ of whioli Fragments nro 
not known to reaoh the Earth. ^ Some wrltora discriminate luawm'ii 
these meteors and aerolites, but the distiuotion does not Hconi l:n hn 
wel founded. The phenomena appear to bo proelsoly tlic same, oxcunil 
thatm die one case the fragments are actually foniul, and in tli (3 otlnM- 
oy u nto le sea, the forest, ortho desert; or somGtlmoB when llir 

thei’efoi'Q long, tlioy nmy bo conHiiiiu-.| 

the pflrtl' V“ f."®* without roiioliliifv 

eaith B smfaoo nt all, except uUinmtoly as iinpnlpat>lo ihiBt. 


ea^tb It^rii^tt I " *'•« 

bcginnlntr of the “ trustworthy estimato. Sliico tbo 

g g of the century, at leant tivo or three have boon aonii to 
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fall lively year, anil have been adiletl to oiir cabinets (see Art. 
750), — in Homo years as many as half a dozen. This, of course, 
iiniiiioa a vastly greater number which are not seen, or are not 
foniul. Sehroibera, some years ago, estimated the number as high 
as 701) a year, and Reichonbach sots it still higher — not less than 
iJOOO or 4000. 

SHOOTING STARS.- 

770. A few minutes’ watching on any clear, moonless night will 
be sure to reveal one or more of the swiftly moving, evanescent 
liolnta of light that are known as “ shooting stars.” No sound is 
tivcr heard from them, nor (with a single exception to bo mentioned 
further on) has anytliing ever been known to roach the earth’s sur- 
face from tliem, not oven when tho sky was “ as full of them as of 
Hiiow-llakcs,” ns somotlmcs has happened in a great meteoric shower. 
)''or this reason it is perhaps justiftable to allow the old distinction to 
remain between them and the bodies we hnvo boon discussing, at 
least provisionally. The diiTercnec may be, and according to opinion 
lit present prevalent very iirobahly is, merely one of size, like that 
between boulders and grains of sand. Still there are some reasons 
for supposing that there is also a diftorciicc of constitution, — that 
while tlio aerolite ia a solid, compact mass, the sliooting star is a 
IHtle elouil of dust and Intermingled gas, like a puff of smoke. 


771. Numbers.— Tlio mnnher of these bodies is very great. A 
single watehor secs on the average from four to eight hourly. If 
observers onongh nrc employed to guard tho wliole sky, so that 
none can escape unnoticed, the visible number becomes from thirty 
to sixty an hour. Since ordinarily only those are seen which aie 
within two or threo hundred miles of the observer, the estimated 
total daily numlier of tlioso which enter the earth’s atmosphere, and 
are largo enough to he visible to tho naked eye, rises into the mill- 
ions. Rrofossov Newton sets it at from 10,000000 to 15,000000, the 
average distance between them being about 200 miles. 


Tliero ia a still larger uuaihor too small to be seen with the naked eye. 
One hardly over works uiauy hours with a tolescoiie canying a ow powei, 
and having a Hold of view na large as 15' in diameter, without seeing severa 

o£ them ilash novo8.s tho Held. In a few instances observer have lepo ted 

tlm-k meleors crossing tho inoon’.s disc while they were watching it. Tlieie 
may lie soino (piosliou, liowovor, os to the real nature of the o jec s seen m 
michftciiso, 
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772* Comparative Number in Morning and Evening’. — Tln^ Iuhm ly 
Minuber about six o’clock lu tlio morning Ik fully tlonhln Uio linnrly 
number in tbe ovoning. Tlio obvious rcaHon is niijiply tinil in (lio 
moriiiiig we aie on the pont of the crt?7/-t, an pgiirdH ils oi'hliul 
motioU) while in the evening wo fire in the roar; In tlio ovonlii^ \m* 
only bgg such meteoi’s na overluke ns; In tlio morning wo hois all (Jiat 
we either meet or overtake. If they arc really moving in ul! dlivr- 
tlons alike, with the parnbollo voloelty corronpomllng to tlio oarlb'a 
distance from the sun (twenty-six miles per acooiul) , Miuory 
that the relative hourly iimnWs for morning and oveiiing ought to 
be in Just the observed proportion, 


773. Brightnesa. — For the most part tliobe bodien are imioh llho 
the stars in brightness, — a few nre as brilliant nw Vojiiih or Jnpltor ; 
more nre like stars of the first inagnitudo ; and the majority luu llkt^ 
the smallor stars. The bright ones not nnfnMinently show truliiH 
which sometimes last from five to ton iiilinitoH, when thoy nru foldod 
up and wafted away by the winds of the upper air.' 

774. Elevation, Path, and Velooity. — By obsen'utloiiH mhuIo I»,v 

two or jiiore obsevrera thirty or forty miles apart, it is possililn (u 
determine the lieiglit, path, nncl velocity oP the«o iioOhis. it is rdiiml 
as the result of a groat mimbcr of aiicli observations that tliny Ural 
appear at an average elevotioii of about seventy-Jhur aiul ilia- 

appear at an average height of about viilen, aCter travorHiup; ii 
distance of forly or fifty miles, witli an avorngo vclooily oL' tiinnit 
tmnty-five miles pei; second. They do not begin to lie vlslblo al, ho 
great an elevation as the aerolitio motoors, anti tlioy vunluh iH'foi c 
they penetrate so deeply into tlio atinosplioro. 


776. Matenoli. _ Occasioimlly it Ims boon possihlo to oaloli a 
glimpse of the speotrnm of ono of tho brigliter sliootiug starH, nii.l 
t ie lines of aodiura and ninguesiiiin (probably) nro tjnito conHpimiiiiiH, 

aongTvith some other linos wliicli cannot bo Huciu'cly IdcjitllUMl l>i' 
Snell a hasty glance. 

As these bodies nre completely burned up before they roanh Hin 
ea. h, all wo enu ever hope to got of their niatorlal is tho pmt1.i.-l 
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aldold 1ms thoiiglit lie might Hud it in polai^ suowa, and others have 
Uiongld it might bn found in the nmterlal dredged up from the 
bottom of the ocean. In fact, the Swedish natuvalist, by melting 
several tons of Spitsbergen snow and filtering tlie water, did (Ind in 
it a sediment containing inimite globules of oxide and sulphide of 
iron : similar globules arc also found in the products of deep sea 
dredging, Those may be meteoritj ashes ; b\ib what we liiivo lately 
learned from Kralcatilo of the distance to which smoke and fine 
volcanic dust is carried by the winds, makes it quito posslldo that 
the suspected material is purely terrestrial in its origin. 

776. Probable Mass of Shooting Stars, — We have no very coi‘tftiu 

means of getting at this. We can^ howovej^ fix a provisional value 
by means of the emomt, of Ik/Jit they give. Photometric comparisons 
between a standard star and a mole()r> when wc know the meteor’s dis- 
tance and tlie duration of its flight, enable ns to ascertain how the total 
amount of light emitted by it compares with that given by a standard 
candle shining for one minute. Now, according to determinations 
made some thirty years ago by Thomsen at Copenhagen^ (which 
ought to be repeated j) the Ihjlit ffiven by a standard candle in a min” 
nte is equimlent to ahont Itvelve fool-ponndit of energy^ This ox chides 
uU the energy of the dark, invisible radiation of the caiidlo, Our 
observations of the meteor give us, therefore, its total luminous energy 
in foot-pounds; and if tlie whole of the meteor’s energy appeared as 
liglit, then, siiioo IHnergy ==* we could at oneo get its mass by 

dividing twice this Inminous energy by the square of the meteor’s 
velocity. Binco, however, only a small portion of the meteor’s 
whole energy is transformed into light, the mass obtained in this 
way would bo too Binall, and must be innltiplied by a factor which 
expresses the ratio between the total energy and that whic]i isp^trely 
InminouH, It is not likely that this factor exceeds one Imndredt or is 
loss than leuy tliongh on this point wo very much need information. 
Assuming the largest value, however, for this factor, the photometric 
observations made In I860 and 1807 by l^rofossors Newcomb and 
Havknoss (stationed respectively at Washington and Richmond), 
showed that the majority of the meteors of those star-showers weiglicd 
less than a single grain. The largest of them did not reach 100 grains, 
or about a quarter of an ounce. 

777, Growth of the Earth, ' — >Sinco the earth (in fact, every planet) 
is thus continually receiving moteorio matter, and sending nothing away 
from it, it must he consiantly yrowiny larger; but this growth is extremely 
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inaigiiifloaiifc. Tlio niotoovlo inattm- roijoivril dully hy lliti i(' wit arr-'i'l 

one grain U8 tJio nvoruge >Ynlghb of a flliontiiig Miar, wnnld lio njily jilitml 
a ton I after making a toasoiiablo addition for ai-ioliii-.'i, Ii' uf 

multiply tills ostimato by ono Jiuinlrndj it nuriainly ^vill ln> 
liberal, uiul at that mto fclio atnount n»colvad by tho oarib in a 'yiir Avrnibl 
amount to tlio vory rcspoo table ilguro of 1 ^ 1 ( 1 , 00(1 loiiH ; luid yr'I, I'von it|. ililn 
rate, assuming the siKioifio gravity of tlio iiviu’iigo niofnnv iia Mivn* ilimvi ilnii 
of water, it would tnko about 1000,000000 yaar.i to tu't'tfuiuhtht a /oy/ r nirr 
inch thick over the earth* e euvfacc. 


(liM 

flklllM' 


lltl 


778. Effect on the Earth’s Orhit. — Tliooielliiufl.v, Mio .-no «.i 

the earth with motoors muHt ihorlm llw year in tlinni liltilVtmt \vu_vh : 

Fivet. By doting as a rosistiiig mo<llinn, nml so 
of t])6 earth’s orbit, and Imlirootly afleohiriitliig Iih iiinliini, In ( 
manner as is supimood to happen -with Enohn’s (ioniet. 

Seooiicl. By iiioronHing the attraotloii belweeti tint riiflli ami ilti' riun 
through tho luorooso of thoir ma.ssos. 

^ Third. By loiigthoulng tlio day— tho eartli'a votalloii lifing ina.le nlnw.a- 
by tlie inorenso of Ita diamotor, so that tho year will (iiiiiUiln a stimllrr mini, 
berof days. 

The whelo offcQl, howovor, of tlio tlirno eanmsH eiiiniiliiml, il.ieH imtunn.imr 
(0 nW of a second in a million of years. Tlio dhuiiiiilJoi) of llm ,nii lli'e 

distance from the Bim.nssumlng that ono Imndred toim nf met l■lnl|.•r 

faU daily, and also assuming that tho inoteorH aru niovln,r e.,niillv in nil 
diree ions with tlio parabolic veloelty of twoiity-slx inilnH i-er Hnamd, m.nma 
out about Triini of an inch per 

Theorotioally, also, tho sanio motoorlo notion slidulil ].iceluen a 

of the mnih, and Oppolwr Invostigatod tlm sulijeot a fnw years iig.i, In 
TrLl Ir'r'r -Kittor would aeoou.it /nr tho oliserved fii,,. n,-,r/- 

'll:, 

Oyer, before thn fnll ^ i i i AHSiiiiiing hiiw- 



metre of Ibe earth’s surfacn^na ouloilu ;wr nnnuia rm- (mit)i 

same siirfoee in about one-lenih of oTcoLr " 

I-- 't 

l.eas light reaches us from a, omXXrthL^ir^ 

oca star tlinn If the inutoni’H were absent. 
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780. Meteoric Showers. — At cortjihi times the shooting stars, 
luatoiul of appoaring here iind there in the sky at intervals of several 
minutes, anti moving iii all directions, appear by thousands, and even 
luindreds of thousands, for a few hours. 

Tho. ItadUint, — -At such times they do not move without system; 
lint ihc^y all appear to diverge or from one point in the 

Bky 1 that is, their patlis produced backward all intersect at a common 
point (or nearly so), whieli is called the radiant'^ As an old lady 
(expressed it, in speaking of the meteoric shower of 1833, ‘'The sky 
looked like a great umbrella.** The meteors which appear near the 
mdmnt avo stationary, or have paths extremely short, while those 
which appear at a distance from it have long courses. The radiant 



koopH itrt placo among the stave unchangoil, dining the whole coutiuu- 
auce of tho shower, and the shower is named accordingly, ihns we 
iiavo the inotoor sliowor of the » Leonids » whose radiant is m the 
cmnstollatiou of Leo; similarly 

PmwMsr the “ Gemmidsr the “LyrWs, etc. I'l^g. 210 « ^ clmifc 
of tlio traoks of meteors observed on the night of Nov. 18, 18CG, 

Hliowing fclio radiant near C Leonis, 

Tliosimide explanation is timt the radiant is purely an effect of 
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perspective. The meteors arc roiill^ niovlnf^, relutilv<‘ly lo Ilm oh- 
server, iu Hues wliioh are soimlbly stmiglit aiul priniUel, mh nrw uIhi> 
the tmclca of light which they lojive in the air. Ilonca llinv all mn iii 
to diverge from one niid Uio aniiio i)orH[)Ccllv<^ “ vJinlHlilng i^olnl.’* 'I'lir 
position of the radiant dopoiulH entirely n|)oii thn th'nrfirni of ihu 
meteor^B motion relative to the mirth. 

On account of the irregnlar form of the inoteorin |>JirlhilrH, limy nio 
deflected a little one way or llio other by the air, ho that llndr pnllin 
do not intersect at an absolute point ; neitlier \h it likely Llint lieroi'-i* 
they enter the air tholr paths are exadh/ parallel. Thn eonHi!t|mntw 
is that the radiant, instead of being a point, la tin ami of himih^ liMlo 
size, iianally loss than 2® in dlaniotcr. 


781, Probably tho most romarkahlo of all nioleorio hIiowcvh Unit civer 
ooourjed was that whioh appeared In tlio UniU'd StiiloH on Nov. iHilO, 
in the early morning — a sliower of Leoiiiils. Tho nuinher Llmt fidt in 
the five or six hours during whioli the sliower las ted \viih oHliinalod a I 
Boston as fully 250,000. A coin|wloiit oliwn’vor declared llint^lin lU'vnr 
saw snow-flakes thicker in a storm tlian wore Die inetonrH in llm sky ul 
some moments.” No sound wan lieard, nor \VnH any parllehi. ]cn<i\vii tn 
reach the earth. 


782. Dates of Showers, — Slnoo tho motcor-swarni pnrHUOM a vogii- 
lai 01 bit avoniid tlie sun, tho earth can only oncountor it when Hhn 1 h 
at the point where her orbit cute tho path of tho inotoorH; luid I IiIh, 
of course, must always bo on tho Bamo day of tho year, oximpL fin, in 
the process of time, the meteors’ orbits slowly shia tliuir poniMoiiH oit 
aooonnt of perturbations, The Leonid showoi'H, thernforoi iilwcivn 
appear on the ]3tli of Novembor (within a day or two) j ihn Aiulroui-* 

edea on the 27th or 28th of tho aaino nioiitli ; and tiu) I’oiHcldH i>ur\v 
In August. 

neldtiinffon,?” If tlio inotoorH am H.nitloiod 

neatly un onnly aronnd thoir wholo orbit, bo a« to fo,.,„ a rina, 11,,^ 

irZJ'w ''T but If tho flock Ih conotMitrntcl. it wHl cto- 

na the ea^r“m the H.iino til,.., 

conalclerablo numbers evorv vo^ar nppuar In 

every year, and arc not sharply |i„di,.d K. u 
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piit'Lujulnr clato, but avo more or less ahiindaiit for ix fortnight in the 
luttov part of July and tho first of Atjgust. 

'Iho m(‘tG(>rs \vhiol\ bt!long to Pie saino group all have a reaemblniice to 
i'jujU othor. The Torseids arc yollowish; mu\ move with medium velocity- 
'riin LqoiihIh ar<5 vnry Hwift, for we uieet them almost directly, and they are 
(Jniraeleri/iHl by a grcouisli or bluish tint, with vivid and persistent trains. 
'V\h\ Androiuedoa aro slnggisli in their movements, because they ^simply 
ovnrtako Urn (nirib, instead of meeting it. Tiioy are usually decidedly red in 
mdur and have only small trains, 


784. Tho Mazapil Meteorite. — As has been said, during these 
shnwors no sound is Imavd, no sensible heat perceived, nor do any masses 
roach tho ground; with tho ono exception, however, that on i^ov. 27, 1885, 
a piece of moionrio iron inontioned in the list given in Article 758, fell at 
IMiiv^apil in Nortlun-n Mexico during the shower of Aiidromedes which 
occurred tliat ovening. Whothor the coincidence is accidental or not, it is 
in loros ting. Many high authorities speak confidently of this particular iron 
1 meteor as being really a piece of Bicla^s comet itself. 


And now wo uoiiuv to one of Urn most roniarkablc discoveries of 
nuidern astronomy, — the discovery of — 


78B, The Oounootiou between Comets and Meteors. — At the time 
of tbo groat meteoric shower of 1833, Professors Olmsted and 
Twining, of New Haven, recognized the fact aucl meaning of the 
radiant as pointing to the existence of swarms of meteoric particles 
revolving in regular orbits around the sun \ and Olmsted at the time 
wont HO far as oven to call tho body or swarm a ** cornet/^ In some 


respects, liowcvcr, bis views were seriously wrong, and soon received 
inodillciition and correction from other astronomers. Erman espe- 
cially pointed out that in some cases, at least, it would be necessary 
to suppose dial tho meteors were dlstribitted in rings, and he also 
devoioped methods by which the meteoric orbits could be computed 
if tlio nccessavy data could be secured, Olmsted and Twining, 
however, were tlic first to show that the meteors are not terrestrial 
and atinosphovlo, but bodies truly cosmicab 

The subject was taken up later by Professor Newton, of New 
Ilivvon, who in 1804 sliowcd by an examination of old records that 
there bad been a luiniber of great autumnal meteoric star-showers at 
intervals of just about thirty-tlirce years, and he predicted confidently 
u shower for Nov. 13-M, 1806. As to the orbit of the meteoric 
body (or ring, according to Erman’s view), he found that it nught, 
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conaisteutly wItiMvhat had boon so far obsorvotl, liiivo of /*>.' 

diflferont orbits; ouo with a poriod of nB| liLr,* 

one Year ± H days, and two with periods of liidf a joiu ■ ■ ' i - ' 

He considered rather most probable the period of dfi. diu s , ^ 

pointed out that the slow change that had talvcii p ace n i 

date of the shower’ would ftiridsh the meaiiH of detenniniiig uhlih 

of the orbits was the tmo one. 

ThiBClmugeof date indleatcB a slow motion of llio noden of 
orbit of the meteoric body at the rate of about r )2 a 30111 , j( an > 
of Neptunian fame, made the laborious oalcuhithm of ilm n o<i n 
pkuetaiy perturbations upon each of the five dffcicut oi • « 
gested by Professor Newton, and showed that tlm true orbit must » 
the largest oiie whioh lias a period of yoaia. 



Flo. 211. ~6rbl(B of ^toiooriu HwnmiA wliloh uta known lo Lo iiMncilRkdl wUli CninnlH. 


The laeteorio shower ooeiirrecl In 18G0 as prodlotod, and woh 
repeated in 1867, the meteor-swarm being Bti'etolied out alonp; itn 
orbit for such n distance that the procession is nearly throo y(mi'H in 
passing any given ixiint. 

1 In A.3>. 902 (the ''year of tlioatftrfl'Mn the old Arnh cj]iniiiiok*H), tlio diili? 
waa wimt would be Oct. 19, In onr ''new atylo'^ rockonlng. In 1202 tho fllnnvnr 
ocourrwl five dnja Inter, nnd in 18fl3 the dnie was Nov, 12, 
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786. Iclentifioation of Cometary and Meteoric Orbits. — The re- 
H(‘iu*chos of Now ton and Adams had awakened lively interest in 
trlio Hiibjooi, and Schiaparelli, of MiUin, a few weeks after the Leonid 
shower, \)ubiished a paper upon the Porseids, or August meteors, in 
wlii( 5 h he broiight out the remarkable fact that they were mornKj in 
the ammiHiih <xh that of llie bright comet of 1862, Icnoiou as TxiitU\'i 
(hmal. Shortly after this Leverrier published his orbit of the 
Leonid meteors, derived from the observed position of the radiant in 
conueollon with the periodic time assigned by Adams ; and almost 
simnUaneously, but without any idea of a connection between them, 
Oppolicor published his orbit of TompeVs comet of 1866 ; and the 
two ori)itB were at once seen to be imicticalhj identicah Now a single 
ease of sueli a coincidence as that pointed out by Seliiapurclli, might 
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r87. In the oases of the Loouicls and AiKh’OinodoH tlin nK^Lonr-Hwann 
follows the oomefc. Many believe, ho wovor, that tlio oomofc itself is fliiiqily 
the thickest part of the swarm. Kirkwood and Soliiaparolll havo liutli 
pointed out that a body constituted as a coniot ia suppofied to bo, nnihi 
almost necessarily break up in conaoqnenoo of tho “ tido-prodnoliig '' iiovtni-- 
batlone of the suu, indepejident of any repulHlvo notion 8Uoh as is 8up])nHncl 
to be the cause of a oomet’a tail. They hold that tlioso niotcor-swavniH uro 
therefore merely the product of a comeCs disintegration. 

The longer the comet hna been in tho system, the moro widely 
will bo its particles. The Perseida are supposed, tliovefoi'o, to ho old inliub- 
itanta of the solar system, while the Leonids and Andronmihm are ounLiniru* 
tively new-comers. Leverrier has shown that in the year A.i>. ll?G 'i'ornpupH 
comet must have been very near to Uranns, and a natural iiiformujo is Unit 
it was introduced hito tho solar system at that fclmo. l\r«. 1212 illnstraUiH his 
hypothesis. However these things may bo, it is now certain that tlm cointnn^ 
Hon between comets and meteors is a very oloso one, though It can hunlly 
be considered certain as yet that every soabtorod group of imdcoi'H is tho 
result of coiiietaiy disintegration. Wo are not sure that when a coiimtiii'y 

mass first enters tho solar system from outer spaoo> ib oomes in rui a clomj- 
packed swarm. 
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CHAPTER XIX. 


TUB H'i'Alia: THBIll NATURE AND NUMBER. — THE CONBTEL- 
DATIONS. — aTAU-UATAEOGUEa. — DESIGNATION AND NOMEN- 
OEA’L'URE. — I'UOl’KR MOTIONS AND THE MOTION OF THE SUN 
IN SBAOB. — STKLDAR PAUADLAX AND DISTANCE. 


788. Wk cntur now upon a vaster subject. Leaving the eoniiues 
of llu! Boliu' system we cross the void that makes an island * of the 
.sun’s domains, and enter tlio nnlver.se ot the stars. Tlie uearcst star, 
HO far as we have yet been able to ascertain, is one wliose distance is 
mure than -iOOdKX) times the radius of the enrlli’s annual oi-bit; so 
l•mn<)te lliat, seen from that star, the sun itself would appear only 
about as lirigbt as tlie pole star, and from it no telescope ever yet 
coimtrneted could render visible a single one of nil the retinue of 
planets and eouiets that make up the solar system. 


789. Nature of tho Stars. — As shown by their spectra tlie stars 
are.sioi.s; that i.s, lliey are. bodies eomparnblo in magnitude and in 
physical condition with our own snn, shining by their own light ns tho 
Hiiii does, and emitting a radiance whioli in many eases could not be 
(listinguished from sunlight by any of its spectroscopic characteristics. 
.Some of them are vastly larger and hotter than our sun, others smalloi 
tuid cooler, for, aaSvo shall see, they differ enormously among tliera- 
Hclves. 

790. Nxiinber of the Stars. — Tim impression on a dark night is of 
ahsolnto conntlossnoss ; but, in fact, the number visible to the naked 
eve is very limited, as one can easily discover by taking some definite 
urea in the sky, say the “bowl of the dipper,” and coiuitiug the stars 
which lie can see within it. He will find that the nmnber winch he 


1 Tlmt tlic Bohvr system is tlms isolated by a surrounding void is proved by the 
nlnmst uruMmbed movements of Uranus and Neptune, for the.r pexturbaUon 
would betray tlie presence of any body, at all comparable with the sun j 

"10 iSi^a disSanee a thousand times as groat as that between the earth and 


m\h 
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ctm ftiidy count IB surytisliifjly Httiull, Uuuifflt liy iiviifl.i'd lie will 

get inicci’tnin gliinpHOu of iniiny iiioro. In llui wliolo uoIchUii) 
the uiiiubcr bright onougli to Ixt viHlblu to the iiiiIomI oyo ih only from 
(3000 to 7000 ill II cleiir, iiiooiiIohh sky. A littlii liio^o or iiiiinjiVi;>lii 
cuts out fully half of thoni, aiul of coiirso tlnu’ii is a <j;i'uiit ililTi'n'iiri' 
ill eyes. Rut the ahai’iioBt oyes uoulil iiroliulily mih’iM' liiirly hi'o iiiuh' 
than 2000 or 3000 at ono lime, siiuio iiiiiir tliii liorinuii llii> Hitiulli'V h1uvi> 
avQ inviaiblo, and they arc imiiuiiiHely Hut iiiosl; iiiiuieroiiH, fully hull' 
of the whole iimnbor boiiiK tlioso wlileli lire jiint on (lie \'u.rti!ii t»r idui ' 
bility. The tolid number tkul can ha niieii mall (iiuuii/h Jhr (thKi'rriiffnii 
loith such inunimenta as looro used hafora Ihv iiinniliiin <>/ iliv li'h-.u-njir 
is not quite 1100. 

With ovon a aniall toloaoojio tiie iiiiiiiIhii' Ih eiioriuoiiHly liii'i’iuiueil. 
A mere opora-glnflB nn inoh and it half in dliimetur liriii(^H out nb li'iiut 
100,0(30. The toloucotio witli whioli Argelunder iniulo IiIh Durrhuiutu 
t^rmg of more than 300,000 «tarH~ all north of the eelOKtinl l■c,lm(<,|• 
—had a dinmoter of only two IiuiIich and a lialf. Tim iKimlmr viHiliJn 
in the groat Lick UoloBoopo of three feet diiiniotor Ih iirolmlilv Ditiij-ly 
100,000000. 


701. OonsteUatlons. — In aiiolent thiuiH the Htiii'K were grniiiind liv 
‘•OTustellatlonB," or “ astorlsma,” jmrtly uh a uiattiir of ei.m-i.ijjnnl 
reference and partly as suporatitloii. Many of the coiiHtollatloim now 

recognized,— all of those in the zodiiu) aiul those idimit the norllnn'ti 
po e, me of prchi'storio antiquity. To tlinHii groiqis wens given fnin'I* 

aoi'Hliluuoim in the Jiiythologl.-iil 
"■ 

s:— r ':;r c: s:r'"r r, - 

oially to fnriilsb a i ‘ohiiny-« eonslellatioi.H, aiul 

cally, to BhovT^tS Irfalht niVit woulrS’ *'*“ “•‘''•‘'“■'‘I'"’ ‘"VI I- 

“ -- whiz'iii’c " (ioo' 
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otlmr (sousloUiUious, wliioli liiivu boicii tentatively established at vfiriniis 
tiiiuis, and ave sometimes found on globes and star-maps, have been given 
up as useless and impcrtinoiit. 


792. Wo pvosoiit a list of Uie constollations, omitting, however, some 
nt Iho modem oma which iiro now not iisimlly recognised by astronoiiiois. 
'riui eonstelhitions avo arranged both vertically atid hovuoutally. The order 
in tlm verticul cohiiuns is detoriniued by right ascension, iiidicntcd by 
lh(! lioHian n umbers at the left. Horizontally the avraugemeiit is according 
lc> iliHianeo fn)m Iho north polo, as shown hy the headings of the coIuiuiik. 

nunihor app(mded to each constolhitiou gives the number of stars it 
eon tains, down to and iuchuling the 0th niagnitnde. The zodiacal consteb 
hiilnns uve italicized, and the modern eonstelhitious are marked hy an 
aslorisk, 

T'ho di here lit groups of consteUntions are found near the ineridian at 
half-past eight o'clock, on the dates indicated below. 


eSroup (T.i lb)i Ihio,' 1. Theso ounstollalioiis contain no first-magnitude 
stars, Imt Cassiopeia, Aiulronioda, Aries, and Cetiis incUule enough 
stars of tlie second and tiiivd inaguitude to he fairly coiisxnciioiis- 
(h’onp (Hi., lY.), Jan. 1. Verseim north of the zenith, and the Pleiades 
and Aldeharan in Taurus, ave charaotm-istic. 

(Ironp (V., YL), l^d). 1. On tho whole this is the most brilliant region 
of Iho sky and Orion tbo iiuost coustelliition. 

Onmp (Vir., YIIL), March 1. Characterized hy Prooyon and Sirius, Use 
latter incomparably tho indghtest of all the fixed stars. 

(Ironp (iX., X.), April 1, hiio is the only conspicuous constellation. 
Croup (XI ., Xir.), May 1, A havren region, except for Ursa Major north 


of Urn zenith. 

(Ivoui* (Xrir., XIV.), .Tuuu 1. Miii'kctl by Aretuvua, the brightc.'st of the 
iiovlliovn Htars, with the paler Spicii soutli of the equator. 

(ii'oup {XV., XVI.), July 1. Tbo Northern Crown and Horcules ave the 
most oluvraeteristio oouligu rations. 

{ ironp (XVIL, XVIll.), Aug. 1. Vega is nearly overhead, and the red 
Aiitiu'DH low down in tho south, with Altair near the equator, pist 
east of Ophiuchus. 

(iroup (XIX., XX.), Sept. 1. Cygmia is in 

low down, wliilo tho brightest part o£ the Milky V ay lies atluva 

the nieridinn, 

Mrniin fXXI XXlf.), Oct. 1. A barren region, relieved only by the 
bright star linalhmit ol the Southern Fish near the southern 

horizon. 

rt ... /WITT VXTY^ Nov. 1. This region also is rather barren, 

regasu! is a notable configavation 


of stars. 
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793. A tliorougli knowledge of these artificial groups, and of the 
names and locations of the stars in them, is not at all essential, ovoiii 
to a4 accomplialicd astronomer ; but it is a matter of very groat eon- 
vonionco to know the principal constellatious, and perhaps a hundred 
of the brightest stars, well enough to bo able to recognize them read- 
ily and to use them as points of reference. This amount of knowl- 
edge is easily acquired by three or four evenings! study of the slcy in 
connection with a good star-map or celestial globe, taking care to 
observe on evenings at dinbrciib seasons of tlie year, so as to coin- 
man d the whole sky. 

At present the boat stav-atlas for rofcvonco is probably that of Mr. 
Prootov. The maps of AvgolanderV << Uraiionietvia Nova” and Ileis^a atlas 
(both in (lonnan) are handsoinor, and for Home purposes move couveniont, 
There are many otiiers, iiho, whieli aro excellent. The smaller maps ’svhloh 
uvo found in the text-books on astronomy are not on a scale suDicioutly large 
to be of mucli Hciontifio iiso (as, for iiiwtiuicc, in the observation of meteors), 
though tliey answer well enough the piivposo for which they were designed, 
of introducing the studont to the principal star-groups, 

794, Designation of Bright Stars. — (a) MmcH, Homo flfty or 
sixty of tlm briglitcr stars have names of their own in coniinou use. 
A majority of tiio names belonging to stars of tlio first inuguitudo aro 
of Greek or Latin origin, and signineant, as, for instance, Arctuvns, 
Sirius, Procyon, Uegulns, etc. Some of the brightest stars, however, 
havo Arabic names, as Akhdiaran, Vega, and Botelgncso, and tlio 
names of most of the smaller stars arc Arabic, when they liavo names 
at all. 

{b) Place in Oomtdiation* Spioa is the star in the handful of 
wheat carried by Virgo ; Gynosnre BlgnilioB the star at the end of tlio 
Dog's Tail (ill ancient times tlio constellation wo now call Ursa 
Minor Boeins to have been a dog) ; Capclta is the goat which 
Auriga, tlie oluirloteor, carries In his arms, Hipparelms, Ptolemy, 
and, in fact, all the older astronomers, including Tycho Brahe, used 
tills eUimsy method almost entirely in deHigiiating* particular stars ; 
speaking, for instaiico, of tlio star in the head of IIorcnlcB,** or in 
the right knee of Bootes,*' ami so on. 

(o) OonHicUaiion and LdUm^ In lOOli Bayer, in publishing a now 
star-map, adopted tlio excellent plan, over since in vogue, of dosiguat- 
ing the stars in the different constellations liy the letters of the Greek 
alphabet, assigned usually in order of brightness. Thus Aldebaran is 
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aTann» the next bHghtest stnv In tho constellation is ^Tiiuri, nml 
80 on, as long os the Greek letters liolcl out ; tlion the Romun 
are used as long as they hist; iiikI flnally, whoiicver It is found nccuN- 
sary, we nso the numhei'S which Flanisteecl assigned ii century lutci- 
At present eveiy nnked-oye star can bo referred to luid idcnLillcd b^^ 
some letter or number in tho constellation to vvliich it liolongH. 

(d) Current I^nmher in a Slctr-Ccitatogue* Of course fill tho ahovo 
, mctliods fall for the hundreds of thouBnncls of aiiiiiUcv HtavH. In tlndt 
case It is usual to refer to theni as luiinbcr ao-tuul-so of houk^ well* 
known sthr-cnlalognc ; as, for Instance, 22,600 Id. (Lnhimh‘)» 
2573 B. A. C. (British Association Catalogue), At i>roHeut oiir vurluiiH 
star' catalogues contain from 000,000 to 800,000 8 tars, ho lluit, uximpt 
ill tho Milky AVay, almost any star vlaiblo in a telcHcopo of two uv 
three inches* aperture can be identified and referred to by ineitnH ol 
some Btar-cataioguc or other, 

Synonyms. Of course all the brighter stars wbicli have Imvr 

also letters, and are sure to be Includod In every Btar-cativlogiui wbl<'li 
covers their part of the sky, A given star, therefore, luiH ol'ton a 
large number of aliases, and In dealing with tlie smaller hUU'h grcuii- 
pains must be taken'to avoid mistakes arising from this cau«G, 

8TAR-OATAT,C)aTJI08. 

796. The BO are lists of stars arranged in regular order (at proKinit 
usually in order of right ascension) , and giving the phiecH of tlio 
at some given epoch, either by moans of their right asceiiHiiiuH iiiul 
deolinatioiis, or by their (celestial) latitudoB and longiUidon. Tint 
so-called “ inagnitiido/* or biightnosB of tho star> is aUo ordinarily 
Indicated. The first of these star-oatalognos was that of lIlp]>iu‘chiiH, 
containing 1080 stars (all that are erw^% viBible ami nieiisumldii by 
nnked-eye Instruments), and giving their longltudoB and lutltudew for 
the epoch of 125 ii,c. 

This catalogue Ims been presewecl for ua by Ptolemy in fcbo AliuagcHl, 
and from it he formed his own catalog no, reducing the poHitiouH of l.hn 
stars (i.e., correcting for precession the positions given by IIippiii‘oJiii><} bi 
hia o^^^ epoch, about 150 a.u. The next of the old oatalogiies of any veil no 
is that of Ulugh Beigh niado at Samarcand about 1460 A.n, 'Plils ap|HmrM 
to have been formed from iudependont obHorvationa. Tfc was ^(lll<)^v(id Ut 
1680 by the catalogue of Tycho Bmhe containing 1006 stars, tho last whirli 
was constructed before the invention of tho tolescopo. 

The modern catalogues are numerous. Somo givo the plaeus of a grrj»L 
of etara rather roughly, merely as a means of uJculifying tlicin wlufii 
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nsiid fur cdiuol.avy obsorvalimis or other siniilnr purposes. To this class 
li<4mip;s Arj'oliuxlcr’s Ihirclimnsterung of ttio northern heavens, which con- 
t iiiiis over ill2 l,(l(l() stars, — the largest imiuhcr in any one catalogue thus far 
piihlislieil, 'riien tliere are the " calalofiues of precision,” like the Pulkowa 
null (troouwiiili eatiilogues, which give the places of a few hundred star.s as 
ucomuloly as possitile in order to furnish “fundamental stars,” or reference 
)ioinlM ill Iho sky. Tlio siwalloil "Zones" of liessel, Argclander, and many 
nlhoi'.M, iiro ciiliilognes covering limited portions of the heavens, containing 
sinr.s lu'i'angcd in /ones ahout a degree wide in declination, and running 
HI mil! hours in right ascension. To the practical astronomer the most useful 
ciil nil igni) is likely to ho the one which is now in process of formation hy tlie 
oo-n|ii!rul.ion of various oliscrvatories under the auspices of the Astronoinische 
( ji-sollschnft (an Tnternatiounl Astronomical Society, with its headquarters 
ill fionntuiy). This catalogue will contain ncciirate places of ali stars above 
till! ninth inagnitiidc in the northern sky. Most of tlio ncce.sanry oh.serva- 
tions havo alrcudy h^m iimile. 


700 . Botonnination of Star-Places. — The observations from whioli 
a HUu'-oiiliil(ig;uo is conslvnctcd are usually made with the mevkliaii 
o-irolt! (Art. liSl). For the oatnlognes of precision, comparatively few 
Hlnrs arc ohserved, hnfc all with the utmost care and during several 
yciU'H, Inking all ponsihlc means to eliminate iustrii mental and ohser- 
valliinal citoi'h of every sort. 

In till! morn exten.sive catalogues most of the stars arc observed only 
(mill! or twice, and cvcrytlung is made to depend upon the accuracy 
(if llu! places of the fundamental stars, which are assamedas correct. 
M'ho instriimont in this case is u.sod only “differentially” to measure 
llui eoiniiaratively RinaU difl’orcnccs between the right ascension and 
tlmdiniilion of tlie fniulamoutal stars and those of the stars to be cata- 
lugneil. 


797. Mothod of using a Catalogue. —The catalogue contains the 
mmn right ascension and declination of its stars for the beginning 
of some given year ; i.e.y the right ascension and declination the star 
windd h(vi!i>. at that time it tlmre were no aberration of light and no 
irregular nuithm in the, celestial polo to affect the positiiiiyof the 
eonator and c(Hiinox. To determine the actual ojjjxwenf nglit ascen- 
sil),. and dodlnation of a star for a given date (wliich ^ 
want ill i>ra(!tice), tho catalogue place must be “reduced to the 

iliito 111 (luestion; it must be corrected for procession, nutation, 

uml iibovnitlon. 

'i’lie imi-ratiou willi modern tables and formute k not a very tedious one, 
hivolving porhapii iivo miniitos* work, but without it tlie catalogue plnce.s me 
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UHoleaa for most purposes* Vice versa, the observations of a fixed star ^vitb 
tho inovidiau cholo do not givo its 7nean right ascension and declination 
rcimly to go into Uio catalogue, but the observations must bo reduced from 
apparnnl place to mean before they can bo tabulated, 

708* Star-Charta. — For many purposes charts of the stars are 
inoro convenient than a catalogue, as, for instance, in searching for 
now planets. The old-fashioned way of making such charts was by 
plotting the results of zone observations* The modern way, intro- 
duced within the last few years, is to do it by photography. The 
plan decided upon at the Paris Astronomical Congress in 1887 
contemplates the photographing of the whole sky upon glass plates 
about six inches square, each covering an area of 2® square (four 
H(piaro dogrcGH), showing all stars clown to the fourteenth magnitude, 
— a in’oject wliich is entirely feasible, and can be accomplished in 
II vu or six years by the co-operation of about a dozen different observ- 
lUorien in the northern and southern hemispheres* The iustruments 
arc now (1888) in process of construction. 

Th(^ ilguvo (Fig, 218) is a representation of the Paris instrument of the 
1 [enry lirotlievH, which was adopted as the typical instrument for the opeva- 
ti<m. lb has an aperture of about fourteen inches, and a length of about 
ele^'tm foot, the objeclrglass being specially corrected for the photographic 
rays. A 0-intjli visiuil telescope is enclosed in the same tube so that the ob- 
rtiu'vtm cun wabcli the position of tho instrument during the whole operation. 

It was ovigumlly planned to give each plate 20 minutes* exposure, but 
iinprovpinents in the photographic plates since the meeting of the Congress 
now malm it possible to cut down the time very materially. It will lequiie 
uhouii 11,000 plates of* the size named to cover the whole sky, and as each 
Hi nr is to appear on two plates at least, tho whole number of plates, allowing 
for ()V(n‘lap8, will be about 22,000, As every plate will contain upon it a 
uuinbcr*of wolbdotermined catalogue stars, it will furnish the means of 
thdurmining accurately, whonovev needed, tho place of any other star which 
appears upon the same plate. 


STAR MOTIONS* 

709. The stars are ordinarily called in distinction from 

the iilanots or wanderers,'* bocauBO as compared with the sim and 
moon luul plnnote they have no evident motion, but keep their relative 
ijositions and condgurnitlons imcbnngcd. .Observations made at suffl- 
dontly wide intervals of time, and observations with the spectroscope, 
sliow,' bowcveivthftt they are really moving, and that with velocities 
whieli arc comparable to the motion of the earth in her orbit. 
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If ■\vo coiiipnve the right aseenaion mni decUnallou of u Hlur <h'- 
toniiiucd tonluy with that determined a Imndvotl yctvrtt ugo, lliey will 
he found (HlTerout. The difference la maiithi due U> pveewHHluu uu<l 
lUitfllion, which aro not niotionB of the Btni'H at id I, Init hinddy 
ol I a uges ill the ijositioii of tlie refei’oneo oircloB imod, and dni' Iti 
alterations in the direction of the earth's axis (Arte. umVil-1), 
Aberration also comes iUj and this nlso is not n real nioHnii of iho 
stars ^ hub only an apparent one. 


800. Proper Motioufl. — But after allowing for all thorii^ apimn'itf 
and common motions^ which depend upon tho stars' plueoH in Die 
sky, and are Bensihl^^ the Banio for all stars in tlm siuue 
Held of view, whatever maybe tlieiv ronl distiiuco from uh, wn Und 
that most of the larger stars have a *' of liudr own, 

('^proper^' as opposed to “common,") whioh cliHplueea iliein sllgliUY 
>vith reference to the stars about them. Thoro arc only ii few Hturs 
for which this proper motion anioiuits to ns iniioh us 1'^ a yiULi’ ; jier- 
haps 150 such stars are now known, but tho luimbor is oonHluntly' in- 
creasing, ns more and move of the Binnller stars coino to Im imcuriiiid v 
ohseiwcd. 


1 he inaxiiuuin propel* motion know'll Isj that of tho ftevcntli niugintmlo 
star mo Oroombridge (i\e.,No. 1830 In Groombi'idgcte ciitnlnguo of 
circumpolar stars), which has an apparent drift of 7^' annually,^ ^ 
enough to carry it completely around tlio heavens in 185,000 yenrs. 
The largest knoivn proper nioLions nro tho foUowdngi — 


ls:JU, (iroohibrhlgo, Tih nmg., 7^^D 

bnc-Rihc, 7ih G",t) 

Qoiild, flth “ 0^,2 

dl Cygni, Olh 6'^2 

r.tifflntlo 7th -i^fj 


e Indh 

50 } 

UMi;/-., 


Lnlaiulo ai,2<>8 

Hih 

<r 


03 Erhiniil 

mij 



/t Cn68lc)j»c?iai, 

5 ih 

(1 


« Cenlnurl, 

iHl 




AUe proper motions of Arctunm (2M), and of SIHuh 
n... oonsdoml „,ge;> l,„t are excoedod hy a con«iaara>.U, nu,.,- 
bu of stars basKies those given above. SUico tlio tiino of Ptoloinv, 

taS Vr "'"T’ li'ilE iiH 

nutth. 1 hese monoiiB were flrst detooted by tlallay j„ 1 71 fl 

a 'vhioli «m 

« Class are incstimahly nonvor tlinn the iaintar nnn» . .1 

average a greater proper , notion; on the meraae oniv ,« ^ 

IS evident from the list given abo4 
proper-motions th„n any^rlght 
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801, Hoal Motions of Stars.— Tlio avevcige proi^ei* motion of the first- 
iiiag'nitiulo Htars appears to ho about annually, ami that of a sixth- 
iiingnitmlo star, — the smallest visible to tho eye, — is about 

The proper motion of a star gives ooiiiparatively littlo .informa- 
tion as to its real motion until we know tho distance of the star and 
the true (lirection of tho motion, 
uincte the i) roper motion as daler- 
muied from thr. slar-caialoffues is f 
only the angular value of that part 
or component of the starts whole ^ ^ 

motion winch is iicvpeiuhcnlar to of « suv'. i-ropc Motion. 

Ihu lino of sight, as is clear from 

the figure. AVlmn the star really moves from A to 1) (Fig* 214), 
it will api)oar, as seen from the earth, to have moved from A to h, 
'L'lie ungiilav value of Ah as seen from the earth is llie proper mo- 
tion (usmilly denoted l)y /i), as detonninod from tho comparison of 
Btiir-calulogues. h^xpressed in seconds of arc, we have 



20G 2fio 


^ Ah \ 

^lUstancey 


A liody moving directly t(.>wavdH or from the earth has, therefore, no 
(anguiar) proper motion at all,— none that can bo obtained from the 
cauiipadson of star-catalogues, 

Since Ah in miles 

_ X distance 

200 20.’) ’ 


llicHn ihotlonH ciiniiol; bo ti'iviialntoti into miles wltliout a knowledge 
of fclin Htiir’s distiincc ; and this knowledge, ns w'o shall see, is at 
lircHont oxeuedingly liinitod ; nor can tho true motion AB be found 
until w« also know oithor the angle BAE or else the line Aa, 


Hut HJiieo AB is nooosBiivily ffrealer tliiin Ah, it is possible in some cases 
to delerinine a mhwr limit of velocity, wliich mast certainly he exceeded by 
tho star. In the case of mO, Grooinbridge, for instance, we ha^e certain 
IcnowliMlgo that its distance is not less than 2,000000 times the em tlis 
,li,stmino from tlio sun. It may ho vastly greater; bnt it cannot be loss. 

Now at that distance tho observed proper motion of . « a year would cone- 

s,mnd to an aotual volooity along the line of more thaii^OO nides a seco , 
ami tho alar may bo moving many times more swiftly; This stai lias some 
tlmoH beon called tho « runaway star.” 
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802. Motion in the Line of Sight. — Althongh tho comparlHOJi ot 
Htar-cntalo^ues gives ns no inforjiiation of tho hocly^B motion to^yarcln 
01 * from ns along tho line of sight, tho veloolt 3 ^ Aa in tho Hgin'C, yet 
it is possible, when tho star is reasonably bright, to dotorniino ftoiiio- 
wlmt roughly its rate of approach or recession by means of tlio spoc^ 
trosoope. If tlio star is approaching na, tho lines In the spocli’osoopo, 
according to , Doppler’s principle (Art. 321, nole)^ 'WlU bo HhifU»d 
towards the hhio ; and vice 'ue?*8a, towaixls tho vetU If It Ih rccedbif^ 
from us. Dr, Hoggins was the first nctiinlly to URO this method of 
iiivesligntiug the star movements in 18G8, and by inoanw of it lio 
arrived nt some vciy interesting results, wlilcli, however, must 
admitted to bo somewhat uncertain ns regards tlioir quaiitltatlvQ 
valno. He found, for instance, that Sirina was ro(iodbig from us iib 
the rate of nine teen miles a second, and that Aratnriis was rush- 
ing towards iis nt the rate of nearly sixty miles a eccond ; and r< 5 - 
sidta of a similar character were found for n coiiBidoi'iible nnnihor 
of othei* stars. 

Of late tho Investigations of this class havo been carried on nuilnly 
nt tho Orcciwvieh Observatory, usually by comparing tho stellar 
spectra with liydrogcn and sodium, Tho observations, howevtu', 
are cxtromelv diHlcuU to make, for the displacements of tlio llncm 
are very small, and in most star spectra the lines are broad and Imzy 
and not well adapted for aeeurato measiivoinejits. The rosnltH of dif- 
ferent days’ observations, therefore, for a siiiglo atav aro soinetinum 
mournfully disorepant. 


Bluf 


Itfd 


A ogel has rocGutly takoii i\p fcho work pho- 
lof/vaplucaily at Potadain, with vory oncouiug- 
hig resultfl. Fig. 21 o in from nno of his 
Sytecirum of Rtod plates (a showing the (lifiplnccinont 

FiQ.m towards the red of tho Ily lino in the siinct- 

nUpiQoemoDtof 77y LiueiutLeBpac- P Oriouls,, or aiul indicallng 

imru^OrioDU. a receagion of the star at tx very Y[\p\i\ rate. 

I . Jihich is lioi>ed in this lino from Uu» 

Rtaplno apeetrum-work of the Drni«r JIomovM at CamhrirtL^o, „f whl ,h 
move will 1« mii.l ft few pajjes fftvthor on. 


toi* nofi Stav-ntlnaes have been conatinioted by Pro( 

toi and Hamnmnon, which show by an•o^ys the dlceottou and ml 
of the angular proper motion of tho stars as far as now kno^ 
moment's mspeetlon shows that in „,any oases etaTi.f 7e sant 

in momlr ‘"'“‘I-' 
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'I'hna, Damnmvion has pointed out that the stars in. the “dipper” of Uvm 
AT ajov have such a community of motion, except a and %-the brkliter of 
tlio pmntovs and tlio star in the end of the handle,- which are moving in 
ouLiroly dilfevant directions, and refuse to ho counted as belonging totlie 
ainne group. Pig. 21() shows the proper motions of the stars winch compose 










li'lft. 210. — Oownum l»roi>i*r ^tolUmrt of films iu the Dipper'* of Vm\ Mujov. 


\ • 


tills group. M'liu Runio thing iippoava wlien their motion is testcii hy ilu' 
Hpuotvoficopo. Huggins foiitul that the five associated stars are vapidly 
rmnuliDg .from the earth» Avhile a is approaching us, and rj, though receding, 
liuH a widely dilVerent rate of motion from the others, 

'J'lm brighter BtiU'H of the Pleiades avofomul in the same way to have a 
coiuinon luotiout’ 


In fact, it appears to bo the rule vatlicr than the exception that 
Btui'H apparonUy near each other aro really connected as comrades^ 
truv<dling togotlier in groups of twos and threes, dojsens or Iniudreds. 
They show, as MIsb Clorlco graphically expresses it, a distinctly 
(/i'dffUriouH tendency,” 


804^. The <‘Sun*s Way.” — The proper motions of the stars are 
dius partly to thoir own real motion, and partly also to the motion of 
onr sun, winch is moving swiftly through space, taking with it the 
earth -and the phmotH. Sir William Hcrschel was the first to investi- 
gnto and dotermino the direction of this motion a little more than 100 
yoaiH ago. 'rhe principle involved is this : that the apparent motion 
of ottoh star is made up of its own motion combined with the motion 
of tlic sun remrsexl (Art. 402). The effect must be that on the whole^ 
the stars in that part of the sky towards which the sun is moving are 
Hei)aratlng from each other, — the intervals hetiueen them widening otU, 

while In the' opposite part of the heavens they are closing np; and 

In the intormodiate part of tlio sky the general drift must be haclcwarcl 
with roforoucie to the siin^s (and earth's) real motion. Just as one 
walking in a park filled with people moving indiscriminately in differ- 
ent dlrootlbns, would » on the whole, find that those in front of him 
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iinncaretl lo grow larger, Mind the flpucca betwoon Uioin lo u[)cn mI, 
while ftt the aideB they would diift backwards, aiul in the roiii* uIoho 

up. 

The spectroscope, moreover, ought to iiulioatx) this motion and -imdoub^ 
edly will do so when the apparent motion in the lino of sight lins been a(!cfi- 
rately determined for a considerable imniber of stara. In fact one or I, wo 
nttempta liave already been made to determiiio the aolar motion in IhiH wny j 
in the quarter of the shy towards which tlio sun is moving, the atar H^MMd.rii 
should, on the ^Yholo, show displacement of their liii oh indioatlng apjnvttrfi, 
and vice versa in the opposite quarter ; and those obsorvn-tiouH wil) hiivt^ tbn 
advantage of allowing directly the siiu'b I'ate of motion in milcSf a rcHiill 
wliich is nob given by inveatigatioua founded uixni ilio angular propoi' 
motions of the stars. As yet, however, this apeotroHCople method iian not 
furnished results of any gi'eat weight. 

806. About twenty different dotonnlnatloiiB of the point in the Hky 
towards which this motion of the snu is directed have boon woi'lcod 
nut by various aBtronomcra, imiug in their disonaBionB tho align la r 
proper motions of from twenty to tweiity-flvo him cl rod star.s. All the 
Investlgabioim present a reasonable accordance of rcHultH, dlfPcndiig 
from each other only by a few degrooB, and show that tho «?/n in lunv 
moving loivarda ajmnt in the conatcllaiion of having <t Vi'ghl 

ascension of ahont 267"^ and a declination of aboxU ^31°. TIiIh [loint 
ifl Icnown as tho “ ajyex of the mn^s way'' 

806. Velooityof the Sun’s Movement. —This also Ib dotcnniiiad 
hy the discussion, and comes out to be such as would cany tlu^ huh 
and lu system about 5" in 100 yefti ‘3 na aeon from tlio avorage nlxlh 
magnitude star (tho sixth magnitude is the sinalloat luiHlly vlHlhlii l<i 
the naked eye). If wc knew witli any certainty the diatanoc of tliln 
average aixtli magnitude star we could tranalato thia motion into 
miles; but at present thia hid lapeiisablc datum can bo little more than 
guessed at. On the reasonable assumption adopted by Ludwig Strivvo 
(who has made the most reoeiit and oxteuaivo of all the invostlgatinjiH 
niioii the motion of the solar system), that tliis distance Is iiTkiuI 
‘JO, 00 0000 times the aatroiiomioal unit, the volocity of tlio HUn'H 
motion in space comes out about five unlta per year, that in, about 
ftre-eixths of the earth’s orbital velocity, or nearly sixteen nilloB ptu' 
second; but this result must be considered as still vory iiiioortain. 

^ Theoretically, of course, the Btara towards which wo arc moving inuBt appujir 
{QyTow brighter aa well as to drift apart; but thia cimngo of brightness, thougli 
fcal, is onlhely Imperceptible within n huinan Hfotlrao. 
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U to htt noted that this awilit motion of the solar system, \vlule of 
(toiiVHoit aht’cla tho real motion of the planets m space^ converting them into 
a Hoi’l; oC corlcKcvow spiral lihe tlie figure (Fig. 217), does not in the least 
affect tlio reJntlvo motion of sun and plan- 
(IS some paradoxors have supposed it 
umst. 

807, Tho Coiitral Sun. — We men- 
tion this Hubjtu^t simply to siiy that 
there is no veal roimdation for the be- 
lief ill tho existence of such a body. 

I'bo idea that tiio motion of our sun 
tiiicl of tlie other stars is a revolution 
iirouiul some great central sun is a 
very fascinating one to certain minds, 
uiid one that )ms been frecpicntly sug- 
gested. It ivus seriously advocated 
some ilfty years ago by MUdler, who 
]jltU 50 d this centre of tho stellar uni- 
vm'HO at Alcyone, ’the principal star 
in the rieiades. 

It is eertiiinly within liounds to 
deny that any such motion lias been demonstrated, and it is still less 
probahlo Unit tho star Al(?yoiu? is tlie centre of such a motion, if the 
motion exists. So far as wo (jiui judge at present it is most likely that 
the stars are moving, not in regular closed orbits around any centre 
wliatcver, but rather as bees do in a swarm, each for itseiymcler 
tlie action of the predominant attraction of its nearest neiglibors. 
'Pile HYstum is an absolute nionat'chy with the snn supreme. The 
gr<nit HldlarHyHiQm appears to be a republic, without any such centrnl, 
iviul (loiiiiiiiviit authority* 

THK I'AUALhAX AND IHSXANCR 01? THE STARS. 

808. When we apeakflE tho “ pavaHax ’’ of the moon, the sun, or 
a iiliinot, wo alwaya mean the dturnal parallax, f.e., the angular 
mni-dhmeter of the earth m seen from the body in qiieation. In 
tlu. eaao of the atara, this kind of parallax is hopelessly msensible, 

iiovnr reaeliiiig an amount of T^rW 
'I'lio expression « parallax of a star ” always means its annual pai- 
alldx that is, tho aemi-dlameter of the earth’s oi*« as seen from the 
a at “r his in the case of all .tars but a very few is a mere frae- 
£n of . ol too to l» otoosotoa. loo to" 


Kio, *217. 

Tho Eiiiih'B Molioii In Spaco as affected 
by tlio Sun's DHft. 
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it I'isefl to tiboat Imlf a Beoond, and in the ono case of ouv Jieai'oat 
neighbor (so far fts known at present), the Btar a Contaiiri, It appeni'H 
to be about 0^'.9, nooordlng to the earlier obsorvoi’s, or about 
nccording to the latest determination of Gill and Elkin. In Fig. 218 
tlie angle at the star is the star’s parallax. 

In accordfluce with the pnnciple of relative motion (Art. 492) , Qvni;v 
star has, anperposecl upon its own motion and combined wltli it, iiii 
appareiU motion equal to that of tlie earth but voversod . If tho star In 
really at rest it must seem to travel around oacli year iu a little orhU 
186,000000 miles in diameter, the precise counterpart of the oiirUrH 
orbit in size and form, and having Its piano parallel to tlio nollptlc. 


E 



PiQ, aifl. — Tlio Annqal Parallax of a Star. 


^ if the alar ia near the pole of tho eoliptlo this npparopt pai’aUuetlo ” orliil 
wiU be vieAved pevpendlonlarly and appear as a circle; if tliQ star iw on lliii 
ecliptic it will be seen edgewise as a short, straight lino, while in Intorjim- 
diate latitudes the parajlaotio orbit will appear as an cllipso, Tu itliis 
respect it is just like the “aberrational” orbit of a star (Art. SaO); but 
die the abonatioual orbit is of the same size foi* every star, liaviug alwtiVH 
asem-majoi atisof 20' .492, the size of the parallactlo oi'ldt do^iuls u)k)ii 
the distance of the star. Moreover, in tlio parallnotlo orbit tho star is 

SSXS^f h6v^° aberrational orbit it koops Just 

80a. If we can find a way of measuring this parnllnctlo orbit, tho 
star s distnncQ Is at once deteimined. It equals 

206 205 xi« 


in whlchjj" is the parallax in seconds of arc (the apparent Bouii- 
The determination of steUar parallax had been altenipUHl over nn<! 

B«Lnr,8r.L‘’nf T’*” „„,ii 

the Cape of Good of 

P , brought out that of a Centnurl. It will 
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bo R^moiiibercd that it was mainly on account of his faiku’e to detect 
Htidlnr parallax that Tycho rejected the Goperuican theory and sub- 
BtUntod Ills own (Art. r)04). 

Uomucr of Coponhagon, iu 1000, thought that he had detected the effect of 
stellar parallax in his observations of the differonce of right ascension between 
Sirius and Yoga at difl’ovont times of the year. A few years later, Horrebow, 
Ids HueceKHor, from his own diaoussion of lloemer*s observations, made out 
tho amount to bo nearly four seconds of timo or and published his pve- 
iiiainro oxnltaiion in a hook entitled Copenucua Triuniphaiis,*’ The discov* 
my of ahciTuthn by Bnulloy explained many abnormal results of the early 
astronomovH which had been thought to arise from stellar parallax, and 
jirovud Unit tho parallax must bo extremely small. About the beginning 
of die prcHont eon tnvy, Brinkley of Dublin and Pond, the Astronomer Eoyal, 
had a lively controversy over their observations of a Lyras (Vega). Briiik- 
loy couHidiU’od that his observations indicated a parallax of nearly 3^'. Pond, 
on ilm other hand, from his obsovvations dedneed a minute negative parallax, 
winch, as Homo ono lias expressed it, would x)ut the star somewhere on the 
ntlmr side of nowhero.’^ Iu fact, as ib turns out, Pond was irearer right than 
Jlrinkloy, tho actual x>arallnx as deduced from tho latest observations being 
only about 'I'ho negative parallax, like tho much too large result of 

Urinklny, Himply indicatos tho uncertainties and errors incident to the 
iiisivuinentH ami niothods of observation thou used. Ihe periodicfil changes 
of toiuporaiuro and air xiressuvo continually load to fallacious results, except 
umler tho most oxtvemo precautions. 


810. Methods of determining Parallax. — The operation of meas- 
uring a stellar parallax is, ou tho whole, tho most delicate in the 
whole range of practical astronomy. Two methods have been suc- 
oessfully employed so far — the absohUe and the d^erenffa^ 

(ft) Tho first method consists in making meridian observations of 
the right ascension and declination of tho star in question at differ- 
emt BcuiHons of tho year, applying all known corrections for preces- 
Hlon, nutation, aberration, and proper motion, aiid then studying the 
vimultlng Htiu‘-placo8. If tlio star is without parallaK, tlie places 
Hhoiild 1)0 iilontloftl after tho corrections have been duly applied. If 
it 1ms parallax, tho star will bo found to change Its i^ight ascension 
mul dcoliimtiou Bystomatieally , though slightly, through the j eai . But 
tho changes of tho seasons so disturb tho constants of the uistrinnent 
timt Urn method Is treacherous and uneertain. There is no poss.b I- 
llvof gottliig-rid of these temperature effects ('“ ® 

of refraction and varying expansions of the instriimeiit itee ) y 
merely nniltlplying observations and taking averages, si 
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ohaiigea of tompemture aro tlic)na(4vcR nnnnally poriodio, an \h 
tlie parallax itself. 

Still, ill a fow cases tlio iiiotliod lias proved huccohhI^iI. DliVnn'nl 
obsQiTera at different places with difleront iuHtniiunuLs liave found 
for a few stars fairly accordant rosidts; as, for Instance, in the cmhc 
of a Centaur I, already mentioned as oiir noarost nolglilmr. 


811. (b) The Differential Method. — This consistH in inoiiHuring 
the change of iK)sitiou of tlio star whoso parjillnx wc arc scjtddng 
(which is supposed to be comparn lively near to im), with relin’iMU'n In 
other BUI all stars, which aro in tlio same tolescople flold oP view, init 
are supposed to be so far beyond the prlnui])al Htnr an to have in> 
sensible parallax of tbolr own, If the coniparlHon Htars iin) near 
the large one (say within two or throe inliuitoH of aro), the ovdiinny 
wire micrometer answers very well for the iiocossary incnHurcM ; liiil. 
if they are farther away, the hoUoinotcr (Art. 077) reproHcntH Hpoc.iiil 
and Yciy great advantages, It >vas with this instrinnoiit tlmt linsmO, 
in the case of 61 Oygni, obtained the (li-st sucoohs in this linn nf 
research. 


The great advnnUigo of the dllforontitil method In that It iivolils 
entirely the ditlleulties which arise from the unoortaliiticH iih to Ihc 


exact amount of precession, eto, ; and in great mouKun^, though not 
entirely, those arising from the olToeb of the Hcasoim iiimn icfraoMoii 
and the condition of the inatrmnenta. On the other lnind> hoivovnr, 
it gives na the final result, not tlio ahsoliito parallax of the Htnr, hiiL 
only the lUfferencG between Un f)aralkw and tIuU of tha c(m]U(rtsim 
Slav. If the work is aociirato the parallax dodiiocd mnvnt ton 
great; hut it may he sensibly too small, and bo may make th<^ hImi* 
apparently too remote. This is beoauBc the parallax of tlm compnrlHcm 
star can never be quite zero: if tlio compartson star happoim to Jnum 
a pamllax of its own ns largo as that of tho principal star, tliori» 

will be no relative parallax at all ; if larger, tho parallax smiglit will 
como out m 


Vmfn Photograpliy into tho sorvlcc, uml 

rofajorPrl elinnl Iim obtulne.l Bpiwoi.lly oxoolloiit fOBiill. tKiin nii 

nrro’t »-”■ 
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uivHiuiiitrt ftt <inc(i nhowecl up the faulty j.ilates, so that they could bo confi- 
de utly r(5j(!cto(l. Tho iiiciasiu’emeuts made upon the other plates appeared 
1(1 lie jnst ns trustworthy ns measurements made upon the actual objects in 
the sky ; and oC course the measurement of a x^iotogniphic plate at leisure 
in one’s lubonitcu'y is a vastly more comfortable operation than that of 
making luicrometrio settings by night. 


813. Selootion of Stars. — It is important to select for investigations 
of this kind tluiso stars which may reasonably bo supposed to be near, 
and, Unu'crore, to have a sensible parallax, The most important indication 
of proximity is a lunjc proper motion ^ and &rtV/7d??€.w is, of conr.se, condviu- 
uiory. At the same time, while it is probable that a bright star with 
Im'ge junpev jnotion is comparatively near, it is not certain. The small stars 
are so imicli more mini emus tlian the large ones that it will be nothing .sur- 
prising if we hhould find among them one or more neighbors nearer than 
a (Jentauri itself. 


814. Unit of Stellnv Distance. — The Light-Year. Tlie ovaimiry 
ttalrommkal or clUtance of tlm sun from the earth, is not 

Hniil(d(Mitly hu’^o to bo convenient in expressing the distances of the 
Hlars. It is found move satisfactory to take as a unit the distance 
tllat light travels in a year, which is about 63,000 times tlie distance 
of llie earth from the sun. A star with a parallax of 1" is at a dis- 
tance of 3.26 UiflU-years'* so that the distance of any star in lights 
years ** is expressed by the formula • 


816* Table IV, in the Appendix, based upon that given in Houzeaii s 
Vudo Me<!inn do TAstronomc/^ but brought down to date by some 
u(l<liti()iiH fttul (ihivnges, gives the parallaxes, and the distances in 
light-years, of those stars wlioso parallaxes may be considered as 
now fairly determined, 


The, aliuleiit will, o£ course, see that tho tabulated distnuoe in the case of 

a remote star is liable to an enormous povconlago of error. Consideung the 

amount of discordauco between tho results of different ob.servers, it is 

extremoly charitable to assume that any of the parallaxes aie ceila 
exi emo y um 4,,^ pok-star. 

:h\t:lrtr - of loss than 0-.08, this ^ of a second 

0 1 e whole amount ; so that the distance of that star is miceitmn by 

I’llt tlty-live per cent. (.V of a second is the angle subtended 
by of an inch at tho distance of ten raiies.^ 
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A vigoroiiis campnigii \m lately boon urganizod lor tlin pin iKLsn nf olihiiii- 
big Anrithiu a I'G^ouablo time tlio piimllaxuH ol! a conHldorabUi number nl 
stars (perhaps 0110 or two liimdrod), — oiiougli to onalilo im ilriiuro koijio 
general laws by statistical methods. Tlio iimirumonlH U> bo uhiuI uio Imli^ 
ometers of six .or seven iuobea’ a].)orture, one oC wliieli in at ihn ('hjin of 
Good Hope, another hna ]ust been orooted at llaiiiberg in (lonniMiy, iiml n 
third is at Now Haven in this oountry» uiuhn- ilie eliarge oT Ih'. Mlklii. 

As regards the distaiico of stars, tlm ^mrallax of wliieli luis not yet Imru 
inGasiu’od, very little oan be said witli certainty. It is prohaUit llmt llio 
remoter ones are so far away that light In making ii-s journey oeini|iieH n 
thousand and perhaps many tliousand yoarn. 

816*. Since the above was written Dr. Klkin has publislmd iJict veanlt 
of hia obaevvatlona upon ton flrat-niagnitudo stars, an foll{)\VHJ a 'riiuil 
(ilWefiamO, 0'M10±.020t a Aiirlgm Icapclh)^ 0'M07i .017; a OihuiU 
(Sff/g/ffae2e),-0''.000±.04D; aCanis MlnorU »: .1)17 ; /i ( 
iaorum (Polhiy;), 0".008±.017; a Leonis \ AHH] a Ibmibi 

(Archirus), 0^'.018± ,022; a Lyrn3 (Vega), 0^^oild ± .010 ; a Aiinlllai (Allair), 
O'MGO ± .017 ; a Cygnl (Deneb), ± .017. 

Of course the two neffoOrc rosiilts simply indicate that ilm jiarullax nf lln' 
largo star was leas than that of the ooinparlson stars iunploy(Ml. M’lio \’t‘rv 
small results for 70 ga and Arotimis aro also ratlior surprising. .Si-n 'rabh- 
rV'. of Appendix. 
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CHAPTEK XX, 

a^IIE LIGHT OV' Tine H'rAllB. — STAR iMAGNlTUBES AND PHO' 
TOMKTllY. — YAUIABL13 8TAUS, — STKLLAH BPEOTUA, — SOIN* 
a'lLLATMON 01'' BTAllB, 


816. Star Magnitudes. — The term “ magintudc,^* as applied to a 
star, refers simply to its brightness. It has nothing to do ^vitli its 
apparent angular diameter. Hipparchus and Ptolemy arbitrarily 
graded tlio visible stars, according to tlieir brightness, into six classes, 
the stars of tiio sixth magnitude being the smallest visible to the 
eye, while the first class comprises about twenty of the brightest. 
Tiler G is no assignable reason why fiix classes sltonld have been 
constituted, rather than eight or ten. 

After the invention of the telescope the same system was extended 
to tiio Htnaller stars, Imt without any general iigreemcnt or concert, 
so that the magnitudes assigned by different observers to telescopic 
stars vary enormously. Sir William Horschel, especially, used very 
liigh mnnbora : his twentieth magnitude being about the same aa tlie 
fourteenth on the scale now generally used, which more nearly 
corresponds with that of the elder Struve. 

817. Fractional Magnitudes. — Of course, the stars classed to- 
gether under one magnitude arc not exactly alike in brightness, but 
shade from tiio brighter to tl)o fainter, so tliat exactness requires the 
use of fmotional magnitudes. It is now usual to employ decimals 
giving tlio brightness of a star to the noarost tenth of a magnitude. 
Thus, a star of 4.3 magnitude is a shade brighter than one of 4.4, 
and so on, 

A peculiar notation was employed by Ptolomy, and used by Argel under 
in his “ llranometria^ Kova." It vQcogwv/m thmls of a magnitudo as the 
smallest subdivision, Thus, 2, 2,8, 3,2, and 3 express the gradations 
between second and third magnitude, 2,3 being upi>lied to a star whoso 
brightness i.s a little inferior to the second, and 8,2 to one a little brighter 
than tlic third magnitudo. 


^ The term “ ITrunometrla has come to moan a catalogue of naked-eye stars} 
like the catalogues of Hipparchus, Ptolemy, and Ulugh Belgii, 
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818. Stars Visible to tUe Naked Eye. — IToIh eiuiintn'iLU^s Uh, 
stars clearly Tiaible to the naked oyo in tlio part of (liic Hl\y iiorlli of 
35'’ south (leolination, as follows : — 


Ut ningnitudc, ]4 


2(1 " 48 

3*1 “ . . . . 162 


Totftl . 


4lh mngaliiulc^ 3 IS 

6tli 801 

Oth *20 10 


mi 


According to Newcomb, the mini ber of stars of onoh nHl;^nit^(ln \h hmoIi 
that united they would give, roughly speaking, soui owl i ore iimirly llio huiuo 
ainounfc of light aa that received from tho aggrogiito of Uiosn oC th(j iii'xL 
brighter inagnlbiule. But tho relation is very far from exact, and hiumiH In 
fail entirely for the fainter niagnitiulos below tho tenth or olnvinilli, Lini 
smaller stars being less mu nerons than they should bo. In fa(?b if ihn liuv 
held out perfectly, and if light was transinitlod through splice without hm, 
the whole sky would be a blaze of light lilco the surface of the huu. 


819. Light-Eatlo and Absolute Scale of Star Ma^fnitudes [i 

was found by Sir John Herechel, about Ufty yoara ngo, that tlic lijrlit 
given by the average star of the (Iret magnltudo ih jimt iiboul. onn 
biiadred times as great ns that received from ono of the hIxUi, and 
that a corresponding ratio luis been pretty uonrly iniiintiiinod 
out the scale ^nagnitudos, the stars of oaoh mngnitudo bulu|( aluuil 
2^ tunes (VlOO) brighter than thoBo of tho next iiiforiov ma^nltiubs 
iho number which oxpressOB the ratio of tho light of a ntnr hi tliiit nf 
another one magnitude fainter is otilled tho lif/ht^rcUio. 

In the etmvmagnitmles of tho maps by Argdandoi*, TIols, and (iHhuh, 
iitpreaeut, tho divorgonoG from a nlricit untforiiilLv 
0 iight-ratio IS, however, Bometimes eorloua. Some forty yuaCH uir'o 
by PogBou to reform Uio_Bymo.n, hy ,ulo,)tln^r „ 
rlrrv f ^‘sl't-i’atio of ^100, niljimtlng tiui llint Hiv 

t l a"tl>oritle8, and then carrying for wnrtl 

■ ^^”Wrrcccntly 11, in 

and nvr^ tlranomctriaB niado at Cambrlilgo (TT-S,) 

j adopted, and ftsti’ononic>i'B gonei ally iituv 

endeavor to conform to it. . 


Brightneas of Different Star Magnitudes In UiIh 

<e ghi-raWo between suoceaBlvo ittagnituclOB is inado oxficjtl.y 
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•\yioo , or the nnmhcr whose logarithm is 0.4000, viz., 2.512. Its vecip- 
i’ochI is the mtmlHir whose logiu-itUm is O.GOOO, viz., 0.3981. If is 
the l)i'i}i;hln()BH of a Ktiuuliu-cl lii'st-nuigiiitiido star, expressed either iu 
enndle-power or otlior convenient unit, and 6„ be the brightness of a. 
stm' of llic ntli magnitude on this scale, we shall therefore have 

log K = l<'g — -iTr (« — 1 ) ; 

(n — 1) in this oiination lieing the nnmbcr of innguitiides between the 
hI.iu’ of the first magnitude and the star of the «th magnitude', i.c., 
fov a star of the sixth magnitude (»i — 1) is 5 ; so that for a star of 
the sixth magnitude the criuation rends, 


log h„ = log — f'ff X 5 == log 6i — 2. 


With tliis light-ratio, every dilfereneo of five magnitudes corresponds 
to 11 nmltiplieation or division of the star’s light by 100 ; t'.e., to make 
oim star ns bright as the standard star of the first magnitude it would 
roipiire 100 of the sixth, 10,000 of the eleventh, 1,000000 of the six- 
teonlh, and 100,000000 of the twenty-first iviaguitudc. 

Ah nearly .stnndard stars of the first magnitndc on this scale we 
liiwe n Alplihu and Aldelmrau (a Tauri). The other stars usually 
I'oiinted ns of first magnitude arc souio of them sensibly brighter, and 
otliei'H fainter than these. The pole-star and. the two “pointers ” arc 
s erv iniiuiy standard stars of the second magnitude. 


821. Negative Magnitudes, — According to this scale, .stars that are 
.me iiiagnituile bni/kter than those of the standard first would be of the zero 
ningniliiide (as is the ca.so with Arclurus), and those that are brighter yet 
would be of a neyulive niagnitudei fi.flt,,tho inapitude of Sirius is --l.l.lj 
and iTiipiler at opposition, in conformity to this system, is described as a 
Htiir of niiaiiv -2.1 magnitude, which iiieauB that it is nearly 2.ol , or about 
1 (1 times hriiihler Ihm ft star of the -ylst magnitude like Aldcbaran. Accord- 
i „g to .Seid.ll, .Tupiter at opposition is about SJ times as bright as ^ egn, which 
would make its «nmgnitudo” -2,09, Vega being of magnitude 0.2. 

822. Eolation of Size of Telescope to the Magnitude of the 
Snialloat Stav Visible with it.— If a telescope just shows a stai 
of a given magnitude, tlioiiTo show stars one magnitude smalloi 
w(i reiniini an instrument liaviiig its aperture larger in the mtio of 
(or ^IM) to 1; U., as 1.59:1. Every tenfold increase 
in tlio diameter of the ohjcot-glass will thei'efove carry the power of 
vision just five magnitudes lower. 
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Asauhiing what aeema to be very nearly true for normal oy^H and gnoil 
telescopes, that the minimum visible fov a oiie-inoli iiporturo in a wtnr of Ihn 
ninth magnitnde, >ve obtain tlio following liitlo table of aperlurGs retjnircd to 
show stars of a ffiveii magnitude. 


Star JIagnitudo . . 
Apertvnes ' 

0'".40 ] 

8 n 

1 oi^-oa 

n 

10 

I'n.fif) 

11 

a'n.fi] 

Star llagaitude . . 

18 

u I 

1 IS 

10 

17 

Aperture 

e'^8i 

lOix.OO 

15'>'.00 

25IMO 

;W".8o 


But on account of the inci-oased fcliioluiesB necosHary in the loimuH o£ largo 
telescopes, they never quito equal thoir tlieorotioal oitpaoifcy m oompimul wUli 
ainaller ones. 

The amnllest stars visible by the Lick tolesoopc (thivty-slx: inohua iiiw.n’(.ui’n)> 
after allowing for all the advanfage of the alto, aro iiobqiilfcc awbolo niagiiituclo 
lielow the smallest visible with the Washington toloHoqpoi but llm 
visible will bo at least double; siuoo the smallor. atrtrs are vastly tbn inoro 
numerous. 


823. Measurement of Star Magnitudes and Brightness. — Ihilll 
recently all such ineasurGinents woi'o luoro oyo-oatlmntus, and ovon 
yet all photomeWo measuremonts clopond nUimately on Uio judgnioiit 
of the eye. But it is possiblo by the help of instnimgiits to aid IIiik 
judgment very much by limiting tho point to bo docklcil, to ilia 
question whether two lights as seen ai*o, or are Jiot;, exactly aqiin), 
or else making the clooision depend on tlio visibility or iion-vialbllily 
of some appearance. 


824, Method of Sequences, — l^or some piuposoe tho unafiBlriUjcl 
eye Is quite as good ns any photometric instriimoub. It JiidgOH 
directly with great precision of the otxler of brigJUima in whlctli ii 
ptimber of objects stand. In tho method of sequoiiocs/^ an it \h 
called, the observer merely arranges tho stars ho Is comparing, wny 
to the number of fifty or so* in tho order of thoir bvlghtiicBS, tiiklng 
eare that the stars fu each sequoiioo list arc nearly pt the aanuJ 
altitude, and seen under equally favorable oirciimstuncos. TJioii Jicj 
makes a second sequence, taking care to include in it somo of tbe 
that were fn the first; and so on, Finall^q from tlio whole wet 
0 sequences, a Hat can be formed, inohidlug all tho stars contained in 
up} o cm, arranged In the order of brightness. This proccas gh'CH, 
^tennmntion of the Jight-mtlo, nor of tho number of 
times by which the light of the brlghteat exceeds that of the faliUCBt, 
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Vaiiablo ^tars aie still often obseived m this way, the stais with which 
they aie conipaiod, being such as have their magnitudes alieady well deter- 
mmod 

826 2, Instrumental Methods — These arc based on two different 

piineiples . — 

a The measuieinenl is made by causing the star to climppea? by 
dmimishiug its light in some measiuable way* This is usually lofeiied 
to as the method of e^tmotlons»^* % 

1) The measurement is effected by causing the light of the stai to 
appear just equal to some otliei slandaid light, by deeieasing the 
bughtness oi the stai or of the standard in some known latio until 
they are peifeotly equalled 

Undoi tlio lust head come the photoinotois which act upon tho xmnciplo 
of apei lutes** The tolo&cope isYitled witli sonic aiiangemcnt, 

often a so called eat’s-oyo,” by which the available apcituie of tho object- 
glass can bo diminished at will, and the obsoivatioii consists in doteunimng 
with what aieaof object-glass tho stai is just visible. Tho method is om- 
baiiassed by constant oiiois fioin the fact that the gioatci thickiioss of the 
glass in tho middlo of tho lens comes into account, and, still woise, fiom tho 
fact that tho imago of tho stai becomes laigo and diftuso on account of 
di 111 action whoa tho apoi Im e is voi y much i educed 

826, Tho Wedge Photometer* — The mothod of producing the 
“o\tinotiou” by a ^^wedqe” of dark, nouUal-tinted glass is much 
bettor* Tho woclgo is usually five or six inohos long, by peihaps a 
quaitor of an inch wide, and at the thick end cuts oif light onoiigh to 
ovtinguish tho brightest stars that aio to bo obsoivod. In the 
Pritohaid foini of tho instrumont tins wodgo is placed oloao to the 
oyo at tho oyo-hole of tho oyo-picco ; m some othoi forms it is placed 
at tho principal focus of tlio object-glass, wlioio mioiometov wires 
would be put. 

In observation tho wedge is pushed along piomptly until tho stai 
just disappears, and a graduation on tho edge of tho slider is read. 

The gloat Bimpboity oC tho instiumont commends it, and if tho wedgo is 
a good ouo of loally noutral glass (which is not easy to get), the losults aio 
lomaiUably aooiualo Hut tho obsoivations aio very trying to the oyes on 
account of tho stiamiiig to keep in sight an object jnst as it is becoming 
invisible Tho constant of the wodgo must bo oaiofiilly detoi mined m tho 
laboiatoiy, ic, what longth of tho wedge couesponds to a diminution 
of tho light of a stai by just ono magnitude (cutting off 0,002 of its light). 
It 18 convenient to havo tho slidoi giaduatcd into inches or nullimotois on 
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t]\o Olio edgo nod mngnitiulos oi\ ilio otiior. Tlio “ UnnioMioti'iii Nouii ( 
uioiifllfl^'is acatnlogiioof Uio mugiiiUides of tlio luikotl-oyo Hlarw to Iluj iiionlMjr 
of 2784, botweeu fclio pole and 1D° south dooli nation, ohsin'Vfid witli an 
iiiati'ument of this kind by Vrofosaor Pritcimrd, and piibliHlied In 1885. 

827. Polarization Photometers. — Tho iuHti'innonlri, Iniwuvor, with 
which most of tho accurate photometric work U[K)ii the starri liiin hecn 
clone, are aiioh as compare the liglit of the bUh' wltli Boiiie Htaiidiml 
by menus of an efjitalizing a 2 ^ariUu}i** based on the n[)pli(!ntii>ii of 
tho principles of doulilc refraction riiicl polariznthin. 


The light of eltljor tho ob&ovvod star or tluj oonipariHon star (real nr 
artificial) ig xiolnrixod by tmubmisHion tlu'ough a Nieol pdsm, or uimj liolh 
lieiioila aro sent through a double refractiug prism. Tin? iuiiigCH are vie.wed 
wibU a Nicol priaiii in the oye-iileco j and l>y turuiug this the polarized iiiiiigu 
or Images can be vuriccl in hriglituess at ploasure, and the aiuoniit id vuriii- 
fcioii detormined by reading a small circle attaebnd to it. in tlie pluiioinnlcu's 
of Seidel niid Zblhier, wlio obflorvod comparativtdy few objtiulH, Imt vm'y 
acciiratGly, tbo artiHoial star witli which tho real stars warn (umiparcrl wiih 
formed by light from a petroleum lamp, shining tlirougb a snmi.l aperlnro, 
and reflected to tho oyo by a plato of glass in tlic tohisijopn lube, IbxdcHScir 
Pickering, in his oxteiiflivo work embodied in the “ Harvard PliobiiiKdi'y 
(published in 1884, and giving the inngnitndos of 4200 stars) used tim 
pole-star as tho standard, bringing it by an liigoniouH arrangeniunt Into Lhn 
same field with the star obsoiTod. 

Photometric observationa in many ciiaca rmpilro hLrg;n and woinn- 
wliat uuoortaln eorrcctlonB, especially for tho ubaorplioii (if llglit hy 
.the ntmoBphcrc nt cliff eront altitudes, and the (Inal I’usidtH of dllYtU’oiilr 
observers naturally fat! of abaoliito necordanco, Still the ngrmjniciil 
between the two oalalogiicB of Pickering and Pritchard Is roniLirkably 
close, generally within one or two tenth a of a magnitude, 


Meridian Photometer. ^ This Instmuiom, aniitrlvcd mid 
used by Professor Piokoring ii, the obsevvaUuiiH of tho Harvard idndoiimirv, 
consists of a telosoope with two objeot.ghis«eH Hi<]o by ahhi, Thu luh?Ki;n])n in 
pointed nearly east and west, and in front of each olijccb-glaHH is plau(‘d n 
Slivered glass mirror (J/, and M,, Pig. 210) at an angle of 4r,o. ()„n of il,n 

mirrors 18 so set as to bring tho rays of the pok,-Hlar to ope obJ<3<,t-KlnHH j tl,o 
other imiTor is capable of beingtuvnod around the optical axis of tho InloHcoiM^ 
r command a star at any part of tlio incrhlhin, and bring its 

light in 0 the other objeo^gloas. At the eyo-end is placed, flvst next Ilio 
object^laag) a double-imago prism 2), wide h Hoparates any jronoil of liglit 
falling upon it info two, polarized at right nngloB to each otbov. T'lm » ordb 
Wy rays come through nearly imdofloo tod, but the oxtraordimirv urn 
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\n\iil out of tlflfeir coxirse, us indicated in the figure, ^Yhere the pencil A , coming 
from object-glass No. 1, is divided into two pencils and end in the 
Hiiiiu! way th(5 pencil Ironi the second objective, is divided into and h^, 
'Dm angle of tluj doublc-iinngG prism D is so chosen that and will bo 
muirly pavalhd to (jacli otlior, and a suitable cliaphvagni^ E cuts oi¥ the two 
i>lh<U' pencils and A Nicol prism N receives the two pencils that come 
tlu'ough the diaphragm, and the eye views the two images through the e^^e- 
piecjo aii I , 'rheso pencils, hoing polarized at right aiigles to each other, will 
vary iu their brightness when the Nicol is turned, one of them becoming 
bright or and the oihor fainter ; and four positions of the Nicol can be found 



at whicli the images will appear cipuil in brightness, wliiitcver may be the 
ovigiiiitl ratio ol: hriglitncss between the pole-star and tlie object observed. 
0)1 hndtiug into the iustruiviciit the observer sees two star.s, the pole-star at 
rest, tl )0 t>tliev moving along as in a transit instrument. He simply turns 
(lie Ni(?()l until tlin images ave ocpialized, sotting the Nicol at all the four dif- 
f(U’(nit positions wliioh will produco the effect, and reading tlie graduated 
cirehv (•* 'Dui whoh^ o[»cration consumes not more than a minute, ^Yith the 
judp o£ an assistant to record the nuinhers us read olT. The Harvard Pho- 
ionn^try " (usually rtsfovred to simply as “ IT. P.*') was made by moans of an 
instruinout with ohJecbgT asses only tw'o inches and a half in diameter. An 
inslriunent with four-inch lenses is now at work in Cambridge, measuring 
the miignitudes of all tbo iioaiTy 80,000 stars of Argelandor’s Vurchmtis- 
irrmif/t wl)ich arc of the^ eighth magnitude or brighter, 

829 . Photometry by means of Photography. — It lias been found tiiat, 
ox(mpl ing a few strongly colorod stars, the intensity, or more simply the she, of 
the iniugo of a star formed upon a pliotographic plate may be used as a meas- 
ure of: its brightness as compared with other stars taken on the same plate, 
or on similar plates similarly exposed. The comparison becomes easier and 
morn accurate if the photographic telescox^o is not made to follow tlie stars 
(exactly, but is allowod to la^f a little so that the star forms a » trail." It will, 
therefore, bo poHsiblo to use the plates of the great photographic star campaign 
to (leLovmino star magnitudes tis well as positions. But, as has been intimated, 
there lire Home anomalies; eevtaiii stars, for instance, that are hardly visible to 


1 ’:i'he (llnphrngm 2? may bo replaced by nn eye-stop at /. 
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tlio naked oye, plioto^raph fis bright gtiii'a, and tlioro avo — m\ hbiirfl 

— that are abnovuially faint on the pinto. Tho oxcoptioiiH avo mniHM'nua 
onongh to make it jieceBHnvy to uhc i^hotopp'apbic iimgnitudoa %viUi cautitui. 


830. Star Colors and their Effects on Photometry. — Tlio Htars 
differ considerably in color. The majority arc of n very [mva white » 
like Siriua and the ami, but there arc not a few of a yellowish luin, 
like Capclla, or reddish, like Arotiirus and Auti^rcs ; and there are 
some, mostly small stars, which are ftB red ns garnets and rnbicH. 
AYq also have, associated with larger ones in donblo-fitur syntoius, 
numerous Biiiall stars which are strongly green or hliie ; and tlu‘,ru 
are a few large isolated sttu’s, which, like Vega, are of a deeklotUy 
bluish tinge. 


These differences of color embarrafa photo in otrio iiioiumromcnts made l>y 
cither of the methods described, becauso it Is iinpo.ssihlo to lualto a red slnr 
look identical with a blue one by any mere iiioixiuso or clbnimilion of livlghL- 
ness, and because different observers will differ in sotting the wedge of an 
extinction photometer according to tho color of tho star, Some eyon are 
abnonnnJly sousitive to blue light, some h) red. To the writer, for luHtaiicic?, 
Vega la decidedly superior to Avetuvus, while the iiuijority oC obatirvors ><i!o 
the difference os decidedly the other way. 


831, SpQotinim Photometry. —The only complolely satiHructory and 
scientific method would bo to compare tho HjHiclra of the Hturs with Koine 
standard specbrinn, 5oy that of the jjo/fi-s/ar, dividing the spooti'uui into a con- 
siderable number of portions, and determining and rewivding the amount 
of light in each portion of the spectrum ns Gompai*od Avith liomologonH purls 
of tho standard speotviini. Thin, of course, would iinmonsuly iDerciiKo llio 
work of comparing the bnghtnoas of tho stars ; but it is quite fonsible to do 
it for a few hundred of the brighter oncB, and it would be well worth accom- 
plishment. H we ever succeed in getting photographic plates equally Him- 
ai ive to lajs of all wavelength, photography would answer tho purpose widl. 


838. Starlight compared with Sunlight. — Tho light received fjom 
L f ^ TTnnrrbwff (ono ^c.vl,v 

tlio isaud milllontli) of tlmt from tho suii, aocortUng to tho doUn-itil- 
uattons of Zdllner aud otliora. Tho mciiauromoiit is not ouhv, and 
must tjc taken as (mvhig a very conBldcrablo margin of error, 

Sn-nia is nearly equivalent to six of Vega, ita light holng about 
TTnnnjWinfT the sun’s. 

Since the light of ft sixtli-maguitiKle star is only tU of that of a 

Son P i, 000000- 

00000 of stars of the GtU magnitudo to give n.s sunlight. 
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833. Totll Liglit of the Stars — Assunntig what is longlily , though 
iioL o\acUy, tine, that Algol andei *8 magmUidus follow the slaaclaid 
soalo, it appeals that the 324,000 stiua noiLli of the eqiiatoi enumoi- 
ated in Ins D\uch)i\iHte) mij give a light ahont equal to that of 240 fiist- 
niagnitudo slais , but it is noUccahlc that the aggiegato miioiint of light 
guoub} the stais in each of thcfaintei niagmtudos me leases lapidly 
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How much lo add ioi Uio still sumlloi iiiagmUuU'H I'l \u y uiiooiLhui Ug- 
yoiul tlio lenih inaguiliulo iho luiinhci of small sbiUBdoes not uiuoaso pio 
poitioinilcly fast, ho tlud if wc* could euiiy on the account of hLuh to the 
Uventioth iuagiuUulo,it is piiicLioiiUycoi Lam that wo should not find tlio total 
hgiit of the in»g legato sUus oL oaoh suLcecclmg magnitude in o leasing ab 
any such laio as fiom iho Hcventh to the loiilh Poiliaps it would be *i nob 
uniGasonablo oaiimaio to pul liho total stavlighi ol the ntnilioin heiiiisphoiQ 
as equivalent to about IfiOO hist-magnitudc alius, oi lluii of the wdiole splioio 
at fiOOO This would nialce the total stailight on a clear luglit about 
the light of the full moon, and about I'hat of Iho sun Tbo light 

tiom the stins wliicli aie visible to the naked, eyo would not bo as mncli 
as ot the wlioio hut the above estimate oi iho liglit icceivcd fioni Iho 
eKtiomoly small stais is baldly nioie than a nicio guess, and may hoioaftoi 
leooive impoiianfc coueotioim 

834 Heat from the Stais — AUempU have boon made to nioas- 
ino by a sensitive tlicrinopilo the heat lecoived iioni ccitnin sLius. 
Hoth Huggins and Btonc (about 1870) thought Ibov had obtained 
^ sensible indications of lical fioni Aictmiis and Vega , but then lesiilts 
have not since been conliimcd; and unless the ladialiou of inviBiblo 
oneigy by those stars is much gioatci in comparison with then light 
than la the case with tlie sun, it is almost coitain that thoro must be 
some illusion m the inattoi iou-irx)'o(^Troo(r 

haidlv bo shown by aii} insliunicnt known lo science, and tiieie is no 
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presGiit rcaBou to BiippoBo that the total liPMt ruyoivtal frt>in tho hLihh 
bears ft larger ratio to that receivecl from the aim than ilooa 

Lo sunlujjii, 

836. Amount of Light emitted hy Certain Stars. — Tlila, of ooiuHe, 
is Bomofcliiiig vastly differont from that received hy iia. A Htiir imiy 
emit hnnclreds of times as iiuicli light as the sun, and yet, if the ntiir 
ia rornoto enough, tlie amount that roaeliOB the earth AviU be only tin 
excessively miniito fraction of aiinligbt. If I bo the iiinount of light 
that we receive from a star, expressed in terms of siinllglib at the enrlln 
then the total aiiioimt of light emitted^ L, is given by the simple equation, 

L = lxV\ 

D being the distance of the star in iiatronoiiiicftl units, whilo Jj is 
expressed in terms of the siin^s light einlssion, 

Turiiiug to the table of stellar pnriilliix (Ap[jeiullx, Tablu IV.), 
we (Ind that, aocording to Grill & Klkiu, JJ for Slrliis oquals 642, <100 ; 

whence, for Sirius, L = — — ^ 42 0 * 

7000 OUOOOO ^ * 

that is, the light emitted by Sirius Is more than forty limes uk nuicli 
as that emitted hy the sun. 

if we use the value of the parallax of this Htiiv as <leto]‘ininod by AIjIh', 
namely, p'' — 0^',273, wo bIuiU got /,= 08, while (iyUlen’Kvahie oI the ])arul1iix 
(O^MOS) gives L= 155. In either cage, ho\YOVor, it is oleiir that Sirius ciiiils 
vastly more light than the sun. 

SimUarly for the i^le-star (p = 0".00), L = 04 ; for Vega (p D'M 1), 

00; a Centftuvi (p = 0^76), L = 1.0; 70 Opliiuehl (p:=n'M()), til 

Cygiii (p=.0^43), 21.268 LI. (p^o^20), A- 

The coinpanicm of Sirius is a little star of tlie ninth magiilLinlo, 
which forms a douhlo-star system with Sirius itself. Tim light uni itleil 
by this companion does not exceed that of Sirius. 

836. CauflM of Differences of Brightness in Stars, ^ It used to bo 
thought that the stars were all very i mich alllvc in magnitude anti con- 

making thia calculation tho magnlLudcB of tlio Hurvftrd Vholoniclry were 
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iti til lion , nol, indeed, wiLliouL conbidoiahle diileiciices, but as imuh 
pseiubling eacli oUiei as do uidivrdnals of the ^amc laee It is now 
inite ecitaui that this is not the case, as is obvious fioni the slioib list 
iT aetuul light omissions just gueii 

If the stais mue all alike, all the dilLeronees of apparent biiglUness 
ivonld be luicealile simply to diilei cnees ol disimce , but as tlie facts 
uc, we have to iidmit ofcliei causes to be equally elleetive The dif- 
reiencos of biiglitneHS aie due, to ditteience of distam(*^ sec- 
')nil, to dilleioneo of diniennon^i oi of lighUgning aiea, thiidy to 
lilfereiice in UiQhdhtuue of tlio hifM-cjwauj Mo/cae, depending upon 
UiteiGiiee oL tempeiatnro and coiistdiilion Tlieio aio stus iieai and 
Lcinole, hige and small, inleiisely inenndesccnt and baiely glo^vmg 
with iiieipionl or tadi»ig light 

As llessel puis it, llieie is no leasoii why theie may not be *^as 
many d(uh siius as ]>iight ones As we shall soon see, the oompan- 
lon of Sinus, though only giving about xj*ooo mueh light as 

Slims Itself, 18 at least part as heavy , so that, mass Joi Alias'}, it 
ciinnot be pait as luminous 

AVlieu wo compiue slais by the thousand, we can say ol llie tonth- 
niagnitude stars, (oi instance, as eompaied ^mLIi the iidli, tlial us a 
chm they luo oioie and also, just as Unly, that time an^mye 

dumolnsaie s?aa//e?, and also that their sm /mc'i (ue hm IniUmntf 
bat ^vo must bo caiehil not to make any assoitions of this soit icgnid- 
ing any one star of the tenth magnitude eompaied with a paitieular 
Individual of the fifth, unless wo ha\o some absolnto knowledge of 
their 1 dative distances. The faint star may bo the largei of the two, 
Ol tlie hotter, or the neaicr. Wo must know something beyond thou 
relative magmtudes^^ bofoie It is possible to sotilo such quosUons 

I 887. Heal Diameter of Stars. — We have no knowledge whatever 
as to tlie real diametei of any star As to ilio appaient cmjular cl la in- 
eCer, we can only say negalivoly that it is niHenslhlo, in no caso being 
known to loaob 0^' 01 If theio bo a stai of ilie same diamctor as oin 
sun, at such a distance that its piualUix: equals one second, its appar- 
1 02 

Gilt duimetei must be (The sinfs mean angulai dnimetei is 

20(j2ut) 

L92d^^ (Alt 270) ) This equals 0'^ 0098 — a quantity far too feinall 
to ho reached h> any ducct moasuiement, especially since, even iii tlio 
T/ick telescope, the spurious” disc of a star has a diameter of nearly 
and in small oi telescopes is much huger (about 0^^ d m a ten-uich 
telescope) , 
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Tlier 0 ia a theoretical connection betwooii the diainotor of the dirfraotlon 
rings Been amuiul the imago of ft flfcav in tUo tolescopo, in id tliQ roiil (os 
opposed to the spnnoas) diamotoi* of tho Imago J hy coinpanng> ihorofoi'o, 
tJie actual size of tho rings with the sizo they sliould liavo if tho ntiir woro im 
absolute optical point, wo niigl\t hopo to get a do tonni nation of tho Slav’ a 
diainetev. But no such attempts liavo suoooodwl, and at present no way 
seems open fov obtaining the desired inoaanvomout. In soino oasos, as wo 
ah ail see later, the of a star as compared with that of tho son can ho 
found; but not its i>olume or its densUy^ aiiico those roqniro a Icnowlodgo of Its 
diameter. 

VAIUABLE STAHS. 

838. A close exnmmatloii shows that many stars ohango tluilr 
brightness. As a general rule, tlioao wldcli do this, and avo civllod 
^^variaUe” are veddish in their color; while comparatively few of 
the white atars belong to tlda olase. Tho yarlablo stars may bo 
clasaifted^ as follows: — 

1. Cases of blow coutiniious change. 

II. Irregular fluctuatioiiB of light: alternately hvlghtoulng and 
darkening without any apparent law, 

III. Tem|X)rary atara, which blazo out sudd only and then disappear. 

IV. Periodic stars of tbo type of o Cotl, nsually of long period. 

V. Periodic 8tai*s of short period, of thO typo of ^ Lyrio. 

VI. Periodic stars in which tho variation Is llko that wliich would 
be tho result of an eollpfio by some intorvoniug body — the 
Algol type, 

830. I. Giiadual Changes. On the wholo, t!io changes in the 
brightness of the stai-a since the tinio of Illpparolnis and Ptolemy 
have been Burprisingly small. Thcro has boon no goncrnl inoroasu 
or decrease in the brightness of the stars os a wholo; and tlmro aro 
few cases where any individual star has alto rod its briglitnosB by a 
half or even a quarter of a mognitiiclo. Tho general appectrancQ of 
the sky Is the same as it was 2000 yeai^ ago ; ao that notwlthatnud* 
lug all the effect of proper motions In tho moantlmo and tho wliolo 
amount of the variation that has Ukeii placo in tho brlglibioSB of tl)o 
stars, there is no doubt that if elthov of those old nflb'onoinorb woi'o Id 
come to life he woirld immedifttoly recognize the familiar coustoUatloim. 

Theie are a few instances, howevor, in which U is almost oovtaln 
that change has taken place and is going on. In tho timo of lUratoa* 

1 pils claaslflcaUQn la aubstantlally that of rrofosBor Pickoriji^, allifljllv 
iTtoaific[], however, by Houzeau. 
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(.heno.fl tlm star \\\ the claw of tlie Scorpion” (now /3 Librm) was 
reckoned the brightest in the constellation. At presen tj it is a whole 
niagni tilde below Antarca, wliich is now niueli superior to any star in 
Uic vicunity. So when tlie two stars Castor and Pollux in the constel- 
lutioii ( icniini wore lettered by Bayer^ the former, a, was brighter than 
Pollux, which was lettered ; but ^ is now notably the brighter of 
the two. Taking the wdiole heavens, we find a considerable number 
of HUidi oases ; perhaps a dozen or more, 

840 * Missing Stars. — -It is a common belief that since accurate 
Htar-outalognes began to bo made, many stars have disappeared and 
not u few now ones liavc come into existence. While it would not 
do to deny absolutely that anything of the kind has ever happened, 

it Is certainly unsafe to assort that it has. 

*1 

'flmro are a considerable mnnbor of cases where stars are now iiiisshig 
from the older catalogues as puhlishedi — neai'ly, if not quite, a hundred, — 
but in almost every instance examination of tlio original observations shows 
that tlic\ place as printed was a mistake of some sort which can now be traced, 
— soiiiotimcs a niistako of the recorder, sometimes in the reduction of the 
olmnrvalion, an<l soinntiincs of the press, In a few cases the star observed 
was u planet (Uranus, Neptune, or an asteroid)! and in some cases the 
missing Hiiir may have lusen a “ temporary star,” as, for instance, fiS Herculis, 
wliioh was obsorvtid by tiio elder Ilevscliol. So many of the missing stars 
live now satisfactorily explained that it is natural to suppose that the few 
cnscH rciualning are of the same sort. 

is no known instance of a new star appearing and remaining per- 
inamnitly visible* 

841 * 11 . Staiis that icxiinuT InuKOULAn Fluctuations in 

BuKurrNKHS* The most conspicuous example of this class is the 
strange star r) Argus (not visible in the United States). This star 
vaugCH all the way from the zeyv magnitude (in 1848, when, according 
to Sir John llerschel, it was brighter than every star but Sirius) down 
to tlK5 Hovonth magnitude, whicli is its present briglitness and has been 
ever since 1805. 

Botw<wn 1077 (when it was observed by ITalley as of the fourth niagnb 
tude) and 1800, it OHciliaiod in brightness, so far as we can judge from 
the few observations extant, between the fourth and second magnitudes. 
About 1810, it roBo vapidly in brightness, and betw'een 1826 and 1850 it was 
lusvci imlow the stjindard first magnitude. When brightest, in 1843, it was 
giving more than 25,000 times as much light as in 1805. A singular fact is 
that Urn star is in tlui midst of a nebula which apparently sympathizes with 
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it to some extent in ita fluctii^tiona. (Tlicro are otliev instanoen of ooiiin'c 
tion of iiebulre with variable or temporary Htarfl, as "will appoar laUn' on,) 
Ji^g, 220 represents the “ lighboiirvo ” of this objoot from 1801) to 1870^ 
according to Looniia; wliOt however, iniagiiuia tlio star to bo pmodlcy ^Yltll 
a period of about seventy yeai-s. If bo, ib ougi^t bo Im again increasing in 
brightness by tiiis time. 



Fiq. 220. — L1 gill Curve of t) ArfliiB ncconllnti lo I.nojulfl. 


a Orionia and a Caaaiopeirc belmve in a aonicwlmt Blniilar inaniun , 
only the whole range of variation In their brlghtnesB Is Icsa tliai] a 
single magnltiKle. The oatnlogno of vni'inhle atars ahowe ii oonHUlur* 
able uuniber of otliev similar cases. 


t 842. III. TEiiponARv Stars. Thcro arc cloven well luitbonth 
cntecl cases In which new stars have apiiearca temporarily, ~l\\p.\i Is, 
fora few weeks or mouths, - blazing up sudflonly niul Ihon gnultmllv 
fading away. The list is ns follows ; — 


1. 134 n.c. 
9. 330 A.n. 

3. 1672 A.n. 

4. IGOO A.n. 

5. 1(J04a.t>. 
0. 1870 A.n. 

7. 1848 A.i>. 

8. ]860 A.T). 

9* 1866 A.n. 

10. 1876 A.n. 

11. 3885 A.n, 


The star of Hipparoluia, 

A star in Aquila. 

Tyoho'a star in Cassiopeia. 

P Cygni, 3d magnitude, observed by .Tansoin 
Kepler’s star in Ophinobna, 

11 Vulpecidie, 8d magnitude, observed by AutJjolm. 

A ^rof the 5th magnitude, observed by Hind also in 
Ophiuonus, 

T Scorpii, 7th magnitude, in tlio star oUistor M 81) 
observed by Aiiwers, ^ 

T Coi'oRte-Borealis, 2d nmgnitutle, 

Nova Cygni, i)d magnitudo. 

A star hi the nebula of Audvoniodn, 0th nmgnitiule. 
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As regal (Is tlie fiist of these stais, Iniow almost iiotlnng Ilippiiichus 
has loft no ie( oul of its position ox biightness, hut the Ohineso aiuuUs men 
tion a stai as apiieaiing in Scoipio at pistthat date, and piobahly the same 
ohjeet, though the Chinese ohseuaiioiis mctf/ lelei to a eoinol The appem* 
auco ot this new stai led llippaichus to foiin his catalogue oi slais 

As to the second on the list, we know haully moio, the lecoids do nut 
even inako it ahsoUiUdy ccilain that tlio oiijoct ^\as not a comet, not being 
explicit on tlu' point of its motion 

843, The tlnul is jnsth I muons When it was first seem by 'kyclio 
in Novembei, 1.072 » it iviis ubeacly biightoi than Jupitci, having 
pi obably appealed 'X few dayB pievioiiBly Itvoiysoou booame us 
blight as Venus herself, being even xisiblc by day Within a week 
01 two it began to fail, but oontinued \isiblo to tlie nuked eye foi 
fully sixteen months Imfoio it finally dis appealed It is not eeitiim 
vhethei it still e\ial^ oi not as a teleseopic stai Tyeho detoiimnod 
its position with as nmoh accuracy as was possible to Ins inbtiunients , 
and theie aie a number of small stais, any one of which is so neai to 
Tycho’s place that it might lie tlie leal object, 

T'lieie has \mn\ an eiiiiiely unlmmdod notion that this stai may hav(' 
been idonlical with Iho “Stai of llelhlohoni,” it being imagined Unit tlio 
stai IS pel wthtdllp vai iable, with a pei lod of IlM yeais If so, it unglit have 
been expedeil to leapptmi in 1H80, and it was so expooied by ceil inn ])eisons 

\\H a sign of the rocoikI coining of iho Louk” It is dilliculi to s(*o how tlio 
idea came to he so genowilly pievxlent as it coilainly has b(xm Ihobahly 
eveiv astionomoL of any note 1ms lecoivcd liuiKheds of letieis on lb(‘ subject 
At {beonwioh a pnntccl onoiilai was piepaiod and sent out as a loply to 
such inqunius, 

The fifili stai, obseivecl by Koploi, was nearly, iliongh not quite, 
as blight as that of T^clio, and lusted longer — fully two years, It 
also has dibiippeaicd so that it cannot now be identified, 

844, 'J'he iiiutli stai excited much Inioiest It bla/^ed out between 
the 10th and 12lh of May as a ,stai of the second magnitude, 
icnuuned at its maximum for thieo oi four dajs, mid then, in fixe oi 
SIX weeks, faded away to its ouginal fanitnoHS, foi It now is, and was 
before the ouUmist, a nine and onc-balf magmlnde star on Aige- 
landei’s catalogue, with nothing noticoablc to distinguish it fiom its 
neighboia Wlnlo at the maximum its spociium was carefully stndiod 
by Huggins, and exliibited biigbtly and strongly the blight lines of 
hydiogen, just as if it weie a sun like our own, but ontueh coveted 
with oiitbiirBting piomincnces ” ol incandescent hjdiogen 
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TEOTORARY STARS. 


'L'hii Lonili star had a very siinlhir history. It also roao to Its full 
brlglitiiOBfl (aocoiid inngnltiido) on Novomber 24, within fi)ur houra 
accord Ing to SohmUlt, remninod at a maximum for only a day or two, 
and faded away to invisibility within a month. Rut It still exists 
aa a very in in u to telescopic star of the flftxieuth magnitude. It 
was also spectroscopically atiulled by several obsorvera (by Vogol 
ospeoially) with the Btrango result that the spectrum, which at the 
maximum was nearly contlmious, though marked by the bright lines 
of hydrogen aud by bands of other unknown substanoos, lost in ore 
and more of this continuous oharacter, until at last it became a simple 
apecti’um of three bright lines like that of a nebula, 

f 'Die eleventh and last of these temporary stars was very pecu- 

liar in one respect ; iiot In its brightness, for it never exceeded the six 
and oncdmlf magnitude, but because it appoarctl right iu the midst 
of tliQ groat nebula of Andromeda, only 12" or 18" distant from the 
miclciis. It came out suddenly like all the others, aud faded away 
gradually in about six montlm, to absolute oxtinotlou so far as nny 
existing telescope can show. It showed under plio tome trie measure- 
monts many nnetuationa In brightness, not losing its light smoothly 
and rcgnlarly but in a rather paroxysmal manner. Its spectrum, even 
when brightest, was simply continuous without anything more than the 
merest trace of bright lines in it. The eighth star on the list roaom- 
bled it ill the fact that it appeared in the midst of n star cluster. 

840. IV, Vauiaiilt'.s op tiik o Ckti Typr. These objects almost 
without exception bohavo like the temporary stars in reinaiplng gen- 
erally faint, suddenly brightening up fora short time, and thou fading 
back to the original couditlon ; but they do it ijeriodically . The 
periods arc generally of coiisldevablc length, from six months to two 
years; but they are very apt to be Gonslderal)ly irregular, not 
un frequently to the extent of several weeks. 

The star o Cetl (often called Mira^ that is, “ the Wonderful ”) may 
bo taken as the type of this class. Its variability was discovered by 
Fabrioius iu 1596. During most of the time it remains simply a faint 
ninth-magui tilde star, but once In about el oven mouths it runs up to 
the fourth, third, or even the' second magnitude, and then back again, 
occupying usually about 100 days in the rise aud^ fall. Its brightness 
inereases more mpldly than It fails, and it remains at its maximum 
for a week or ton days. At the maximum its spectrum is very boan- 
tifiil, contaiuiag a large number of Intensely bright lines which, how- 
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liiv nn(, yoL i*<‘rfin!ily UioniilU^d. Its m in Fig* 

A liirgr pi‘t>[uii'lion oi thu known vnniibloH holong to this 
<4aHK, lunl iimny Ihtit t!io Uniipomry hIiivh iilao Imlong to it, 

dilTorlng finin lln'ir j IasHiinttiis only im tlu* longlU of Ihuir poriods, 

B47. V. V-MMAm.i s ur tiik 'rvpK of Iaim:. In tlionn tlio miiin 
in lliat Mioiii tm\ two oi* more maxima and minima in 
cMu h pi’iloib ua il wi* wm o diMilIng with Hovovul BUporpoHod cam hob of 
variation. T\w llght-rnrvt^ of ft Lynn \h givim by ii, Fig. 221. Its 
prriod h ahoiil. Ihirlron dityn. 

I 84H. VI. \\\niAiti.i:s nu Tin: Ai.uol Tvpk. dMio Hixth and hint 
claHH oonalalM of niaiv* wliudi si* mu to HUlTor a partial ocliptto at whort 
iul.mvahs tlmlr liglil tiiivi^K (O, Fig. 221) liolng tim rovorBO of tho 
li Tnli typl^ t)f tlila typo of H(arH» Algol, or ft Pomoi, may bo takmi 
UM llm imohI. coiaqjli^aMia n»|H't*Hi‘ntatlvi>, ilH poriod Is 2'^ 20’’ 48’” 1)5®, 4, 
wldoli trt Hiibjrol lo almoHl. no variation, oxaapt (anUiin blow ohangea 
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I 'lti. ',!JU - IiIkIiI OllO'i'H Itf ViD'lllltUi HIhvm, 


tliitl uiHtoiir «• I't' Hill ivMult <tr Ht.iiic. mikiKnvii diHtiii'buiKn!. Jiiiriiig 
tllUhl. til' till! lllllll llll’WtlH' n'llllLllIH of tlio HOfOllll At till! 

(imii of oliHi'iiniUtiii it loHoH iilioiit llvu-HixtliH of ilH li(!,iit, falling to 
llm foiirlli miiiiiiitinU! ii> nliont four mid mu!-liulf Iuhivh, vmimlning at 
lint niiiiliiiiiiii foniliont twmity mliuiUm, mid tlmii in Unim niid one- 
hull’ lioin-H nmovriing iln original nonditioii. During the inlnnnnm 
llm Himflrmn niidergoim no eonHidoriililo etningc, tliongli tlioro nro 
HnNiiii'i«.im of Hniim »liglit viirlaUniiH In ilH linuH. 
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VABIAHLE STARS. 


Only nine atnvB nve bo lar known belonging to this clnssj and among 
tlieni nro those of the Bhorteet pei-iod. One in Cepheiis, cllscovorcd by 
Cornfikl in 1880^ has n period of two days and olovou bonra ; nuoUior 
In Opliliioluia of only twenty' honrs. 

849, Explanation of Variability, — Evidently no simple explana- 
tion wlU hold for all tlio different clnsBos. For the gi-ndiially pro- 
groasivo changes no explanation need be loolccd for ; on the ooiitrury, 
It Is BurprUiiig that aiicli changes arc no greater than they are, fot 
the stars are all growing older. 

Ab for the irregular changes, no sure accoimt can yet ho given of 
them. Where the range of variation is small, as it Is in most oosob, 
one thinkH of spots on the eiirfaco like those of onv own sun, (but 
imiuh more extensive and nnmeroiis) and riuining through a period 
just UB onr siin spots do. Let a star with suoh ^)otfl upon it revolve 
on its own axis, tie of courne it must do, and in the combination wo 
liavG at least a poaslhlo explanation of a great proportion of all the 
known caBes, both the irregular variables and the regnlaiiy periodic. 

860. Oollision Theory, — For the temporary stars, and tlioao of 
the o Goti type, Mr. Ijockyer has recently (in oonnoetlon with a 
much more extended subject) sviggested a colllBlon theory, illustrated 

by Fig. 222. The fun- 
damental Idea that the 
phononioim of the tem- 
porary stars may ho 
duo to collisloiiB is not 
now. Newton long ago 
brought it out, and to 
some extent discussed 
it; but considering the 
probable diameters of 
the stales os compared 
witli the distances be- 
tween them, it seoniH 
impossible that oollis- 
louB could liavo boon 
ft'oquent enough to ac- 
count for tho number of 
temporary stars actually observed. Mr. Lookyer, however, Imagines 
timt tho temporary rtars, and also variable stars of the o CetL class, 
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uro, in thoir prowoiU stage of development, not compact bodies, but 
only pretty dense swarm of meteorites of considerable extent, each 
such swarm boin<»' accompanied by another smaller one revolving 
around it in an eccentric orbit, just as comets revolve around the 
Him, or us the conRioiicnta of double stars revolve around each other. 
He HupposcB that the perihelion distaiieo is so small that the swarms 
inUu’pcnelnite and [Kiss through each other at the perihelion, whleli 
could ha])i)eu without disturbing the general motion of either of the 
two ineloori (5 (locks ; but while they arc thus passing, the collisions 
, ur(‘, iiinneiiHely increased iti number and violence, with a eorresponding 
increase in tlm evolntiou of light. Tlierc are many good points about 
thin ingeuiouH timory, but also serious objections to it — as, for instance, 
the great irregularity of the periods of stars of this class, an irregU'- 
hirity wliich seems hardly consistent witli such an orbital revolntion. 


i 861. Stellar Eclipses,— As to tlie Algol type, the natural explana- 
tion is by means of nii ooUpse of some sort. The interposition of a 
more or less opaque object between the observer and the star, a 
ilark companion revolving around it, — would produce just the*iGffect 
olmcrveil. If, ho\v(ivnr, this is really the case, the mass of Algol must 
))e absolutely <‘normoii 3 c 5 oni pared with timt of our sun in order to 
produce HO Hwirt 11 revolution in the eclipsing body. But Ceraski's 
vurlal)lc of this typo in Cepheus is very refractory and exhibits 
changes of pin’iod and other phenomena that are extremely difTicult 
to rcujoiuillc witli the idoa that iU obscuration is due to an eclipse. 


862. Number and Designation of Variables. —The ** Catalogue 
of Variable Stars,*' of Mr. S. C. Chandler, published in 1888 , con- 
tains 2^0 ohj<'t5ts. Olio hundred and sixty are distinctly 2nvlo(\lo 
stars: in 12 oases iho periodicity is perhaps uncertain, while 14 are 


certainly /rrof/s/ur. 

'I'lm VMuMMhv imiliwlna Uic Uniipovnry stars and soniB twenty-five or 
thirty stars in rosiioot to the variations of which very little is yet known. 
'I’lihloVt.in tlio Aiijwnclix presents the principal data for the naked-eye 
vai'lalilcs which urn viaiblo in tlio United States. i i i „ 

When a star is disiinvorod to be variable winch previously liad 
nnnellatiun of its own, It is customary to designate it by one of ti 

Er.:”i« .< m.. « 

discovered variable in Sagittarius | S Sagittaru is the. second, 1 Sagitta , 
i\w Ihird, and so on. 

663. Range of Variation. — In many cases the wliole range is 
only a fraction of a nmgnitudo (especially among the more new y 
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{liacovered vaviftbles), but in u great luunbcr It uxleiidH from four 
lo eight maguitiulea, the maximum briglitaofiH oxcoctllug tlio iniiii- 
mum by from fifty to a llmusand timos ; and In a few oufleB lliu 
range is greater yet. Not iin frequently conHidernIdo cliiiiigoH of 
color accompany the clmugos of brightneBS ; the Btar as a rule bidiig 
whiter at Its maximum, and frequently showing bright 11 non in its 
spec ti’ uni. 

864. Method of ObBervatlon. — There 1b no better way Umn Llial 
of comparing tlio star by the eye, or with tiio Imlp of an opera-glasHi^ 
with siir rounding stars of about the anmo brlglitno&a at the time when 
its light ifi near the maximum or minimum ; noting to which of Ihetn 
it la just equal at the moment, and also those which arc a shade 
brighter or fainter, 

ll is possible for an amalour to do really valuable \wvk in tldH way, by 
putting himself in relation with aomo obsorvatoiy will eh ia intore.stod in l)m 
subject. The observations thoinaelvos reqiilvo so muoli time that It is difll- 
cult for the ^vorking forco in a regular observatory to all end to the matt or 
properly, niul outside assistance ia heartily wolcoiiiod in gathering the iioodcd 
facts, Tlie observations theniflolves are not aiicoially di HI on It, require m> 
very great labor or inatheinatioal skill iu tlioir ml notion, niul, as linn been 
said, can be made ^dtiiout instruments} but tlioy voquiro patloiico, asHldulty, 
and a keen eye. 


star spkctra. 

G06. In 1824 Fraunhofer, in connection with his study of the 
lines of the solar apeetnim, liiveBtlgntod also the ajmutrn of curtain 
Btara, using an apparatns easentinlly similar to that which Ib now 
employed at Cambridge. He placed n prism in front of the objucjt- 
giasB of a amnll telescope and looked at tbo stars Ihrongh this, iialng 
a cylindrical lens in the eye-piece to widen Iho sjmctj’inn, wliiol) otJior- 
wise would be a mere line. 

He found that birius, Castor, and nmiiy other Rtai’fl sliow very few dark 
line.s in their speofcniui, but strong ones; Avhilo, on the oUnu' bam], tin) npneirn 
of Pollux (/3 Goininorum) and Capella roaemblo oloBoly the Hpnotrum of Urn 
sun. Til all the a|>cctm he recognized the D lino, although it was not tijuu 
known that it had anything to do with sodlnni, 

860. Observations of Huggins and Seoohi, — Almost na .soon hs 
the apecti’oacopo hnd token its place ns n rcoognlzod IjiBtrmnoht of 
science It ivns applied by Hnggino to the study of the stfti-B, and 
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follownil lull’d in liiw footHtoiis, Tho ronnor studied the s[}oelra 
Ilf rDMummllvely few but with all the dispersive power he 

(u)uld obtain, and in detiiil ; while Seeehi, using a mueh less pow- 
erful inKli'uineiit, exuiuiniMl Hcwcnil thonsund star speoLra, in a more 
gniUM’td wtiY, lor imrpoHOM of eluHsideation. 

iluggiuH iihujlilled with oonsidonible certainty in the spectra of 
uOrinnls (Ihh.elgue/.e) lunl uTauri (Aldebanin) a number of elements 
I hat a Hi familiar on I he earth, and are most of them prominent in the 
solar K[>(‘et,rmn. lie fouiul in the former sodium, magnesium, cal- 
^ eium, lron» bismuth, and hydrogen; and in a Taiiri lie reported in 
uildllion, lellnriiiui, antimony, and mercury ; but these latter metals 
have not yet lieeu vcrilled. 


867. OlaBflifloation of Stellar Spootra, — Secchi, in his spootro- 
ur<»]iio survey, found that the -iOOG stars which ho observed could all 
be reilui'od to four elasscH^ 

*Vhi\Jird e/oN.v tha wldlo t)rhlm sUm, To it belong Birins 

and Vega, and, in bud, (‘onnhlerably more tlmn half of all the stars 
examined. 'Pbe siieidruui is chanicterizud by the great strength of 
the hydrogen Uiies, whi(*h are wide, has^y bands, imn^lL like the U and 
/i" 11 lies ill the sidar Hpeiitnun. Other lines are extremely faint or 
entirely absmit; tln^ /riiiu^ especially, which in the solar spectrum is 
I'SpeeiuUy pi'oi III lieu t, in the spectra of most of these stars is hardly 
vislblm 

77n» Hvviml i*Um is also numerous, ami U imipoml of .sterns with a 
sjmiruni, HHhdunliultf/ if/Av? ihut of our itmu Tlie JI and K linos are 
both strong, (’upclla iiml Tollnx (/3 Geminorum) are prominent 
exumploH of this (‘lass. GMiore are certain stars which form a eon- 
necling link between Uienci two (Irst classes, stars like Procyon and a 
Aunilab whicli, while limy show the hydrogen lines very strongly, also 
exdilblt a gritat number of other linos between them. The hrst and 
HiMtoiid i^luHses together onibraco fully sevoii-eighths of all the stars 


lu! „ rf\i\ 

The (hi fit Inclinlitrt most u{' (ho. ml (i,nd naritihle sum, somo. oOO 

in nniiilH-r, luid tlo! HiuHstviiin is olmmuUsriwicl by dark Jaw?.'* instead 
of liiuts (llioiifrli llnaH m-o K«'‘«i'idly also), i hese bands, 

wldnli am ninbubly line Lo eavboii, slmdo from Uio Idne towards tlie 
red ; tliat is, tlmv are sliiirply dedned and darkest at tlio more rerrang- 
lliUi edum Onaasionidly in sportra of this type some of tlie hydrogen 
limm nm brlglit. « Maroulos, « Orionis, and Mira (o Coti) m-e duo 
i*xam[ileH of this third cIubh. 
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STAK S]'ECT]IA. 


The fourth elasd la compoBed of a VQvy small miinboi’ of Ioj^h 

than sixty so far as uow known > mostly email i*erl Htarn, 'I’liU spcui- 
tni in is also a banded one; but compared with tlio third class Iho 
bands arc reversed^ that is, faced the olher way, and nhaded towards 
the bine, Tliose generally sliow also ii lunnber of bright linen. 
None of the consplonoiis stars belong to this olass — nono ivhovn Lin* 



fifth magnitude. The sixlh magnitude star, 152 S(diJolloriip, niav 
ho tnkoii as its finest example («, 12'> 39"'; 8, + 40° 9', in tlio coiistei. 
Intion of Canes Vonntlcl). Fig. 223 exlitl)lts the liglit-ciinvim of 
those four types of Bpectrnind 


868. Vogel has revised Secohi’s claaalflcatloii of spcsclrn ns folloivs, 
making only, three main clnsses, but with snbclivlalons ; 


ran 1 L m ?''"T any prn.v.B of v»in-«rh./f that 

tan be read fy reproduced in a book llko tlio present. The curve, on tlic oilier 

linml. s easily managed, nnd, thouel. It doca not plenso the eye IlUo llio awolnim 
asetf, i( Is copaWo of conveying nil the Informnlion thnt coohl be obtninml from 
9.0 most finished engmving. iJori line, are represented by linos running ilonn- 
leord from be upper boundary lino of the onrvo. and //no, by JJ«as 
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i. (a) Same iXH Soecilu’s I. The white stars. 

{b) Neurly ucinllnuoua ; all lines wanting or very faint, /3 On- 
onis is the type. 

(e) iSluming the lines of hydrogen bright, and also the 
hdiniii line (Art. 823). 

11. (n) Same an Secolii’s IT. 

(/#) Like ir. (rt) , but showing in addition ]>right linos wliieh 
the lines of hydrogen or helium. (This is rare.) 

Ill, (a) Same us Secelii’s 111. 

{h) Same us Soeobi’s IV. 

Vegtd*rt eliiSHUieathm is l>itsed in part on the very doubtful as^'iumptioa 
llmt slurs of CUihs 1. are hottest and also youngestj w'hile the other classes 
belong It) wiuvs whitsh are aitlier beginning to fail or are already far gone in 
<l(a*repUud(‘. Ihit it is very lav from certain that a red star is not just as 
jihely to be yonugf'r ill an a wliite one, as to bo older. It probably is now at 
a lower kmptTuhive^ and poHsosscs a more extensive envelope of gases ; but 
it may bo increasing in teinporaturo as well as decreasing. At any rate ^ve 
liavo no eeriain kmnv bulge about its age. 

869. Photography of Stellar Spectra, — As early as 1368 Huggins 
nl.lnin[diul to plioiognipli thn spectrum of Vega, and succeedccl in getting an 
impression {)f the, spc^etruiii, but without any of the lines. In 1872 Dr, 
Henry Draper tif K(W Yorlc, working with the reflector which he had him- 
self cnnsl vneUnl, Kiincsendcsd in getting an impression of the spectrum of the 
Humn Htar, Hhowing for Urn ftvat time four of its liyclrogeu lines. The intro- 
duution of the iiioro seimitive dry plates in 1870, induced Mr. Huggins to 
rcHmun tlio siihjcict (us did Hr. Draper soon after), and they soon .succeeded in 
giO ting pitfliunss sliowdng many lines. Tlio spectra were about half an inch 
lung by A or of an incli wide. After the lamented death of Dr. Draper 
ill 1H3‘J, Professor IMolcering^ took up the work at Cambridge (U. S.) ; and with 
sneli miimcHS Uiat Mrs, Draper, who had intended to establish and to endow 
lie)' husbaiiiLH olmorvuiory as an establishment for astro-pliysical research, 
ami u most fliling moinnnent to his^ memory, concluded to transfer the 
iiiHtnimonis to (ianiiiridgOj and there establish the « Draper ^removial.” 

800. The SlitlesB Speotrosoope. — Professor Pickering bus attained 
his reiiiiirkabb) Hncc!eB& by reverting to the ^‘slitleBs spectroscope, 
iirrungiul tn the manner first used by Praunhofer, and later revived 
by Heoebi. Tln^ instriiinent consists of a telescope witli the objective 
vonecied not /nr ihe visual, hvt for the jihotograpUo rays^ equatorially 
monnied mid mirrying in front of the ohject-^c/lasa om or more prisms, 
with a nffracUng angle of nearly 10% and large enough to cover the 
whole Unis. 
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The refracting edge of the priBm la xdncotl enab mul went, ao that Llin 
liiierir spec brum of a Btar formed on a plate ftt the fociifi of fclio obJoefc-glaaM 
runs north and south. If, now, the clock- worhi of fcho instniniont ia nd]uHR‘<l 
to follow the a tar exactly, tho imago (i.o., tlio Bpootrinn) will bo a more lino, 
broken hero and there whore the dark lines of tho spoctvum alionid nppoar. 
By merely retarding or accelerating the olook a trilio, tluj linear Hji^^atrnni 
will drift ft little aidowiso upon the plate, and ho wull form a Hpootruni having 
ft width depending on the anion nt of tlda drift during tho tlmo of oxpnsnvo. 
If the air ia calm the linea of the Bpoctruin tlina fon^d arcs aa clean and 
aharp as if a slit were used ; otherwise noti 


881. The most powerful Instrument used in tills wO]‘k nt CambrUlgc 
is Dr. Draper’s elevondnch pliotograplilo refractor, with four huge 
gift a a prisma in ft box iu front of the object-glass, niTungod ns IndU 
n cated in Fig. 224. With 

Ji S this apparatus, photographic 

Bpeotra of tho brlglitor atai'ft 
ii olitaiuod Imving, 

" before cnlfirgcmont, a longLh 

threo incliGs from 
F ill tlio blue of the apoo- 

\ triiiii to the extremity of 

\ \ \ the ultra violet, It is n 

\ \ pity, of oouvHe, timt the 

lower portions of tho spec- 
224. trum below F cannot bo 

ArTBogwieni of tho PrlemB In the Smiene BpecUoflcopo. ^'^ftclicd ill tllQ SainO Way ; 

^ tuit 110 plnUis Butllciontlv 

flenaitlve to green, yellow, and red rays linvo yot been found, Tlio 
exposnre neceesery to obtain the Impreaalon of oven tho niORt power. 
ful photog,.apluc rays is from half an hour to an hour. Fig. 5>2r, Ik 



Fiq. 226. -Photographic Spectrum of Vogn, Oambridgo. 1887. 


.i*r.:=.riti==,r3i.rsr 
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h’lnu of Hiit'h w si-iir an ( VapoUa thoy fallow hundi'ods of linos. It is 
simply luiiiizinj*’ tlmt (.lui fiHjblo, twinklin'^ light of a Htar can be made 
In proiliice sucdi an {Uilognijilnc i-eeord of the Biibstance and condition 
of iliii iiironi'idvalily dial nut. hinuiiary. 

PcouUar Advantag^es of tko Slitloss Speotroscopo. — The 
hill less Hpeclr4Heop(‘ luiH llivee gmit advautiigos, First, that it 
ntiH/,i‘H all (hr light Mint ooines IVoin the star to t;ho object-glass, 
nuieli 4 pI' which fti lla^ UMiud form of the instrument is lost in the 
jaws id* tlie pdit : Seeund^y, tluit by taking advantage of the length 
of a hvi'ge Udi'seope, it px'odnees a very higli dispersion with oven a 
ah)gle prism; 'I'hinlly, and most important, it gives on the same 
jihiie mid with a single exposure the spectra of all the many stars 
whojuj images fall upon if, With the smaller eight-ineli instrument 
madi^ at (hnnhridg'e, and <me prism, as many as 100 or IhO spectra 
are sumtUimrs (iiken logetluM*; as, for instance, in a spectrum photo- 
gnipli of dm rieiailes. 

H03. DifludvautagoH of the Slitloss Speotrosodpo. — JMv contra^ 
the giving up of Um slit firccUules all the usual motliods of identify- 
ing ilm linen hy nelually tuinfronling them with comparison spectra ; 
the cnnipariMi Ml prism (Art, hlh) (am not l)c used, d.Miis makes it 
extremely dillleult In utiliy.o timso iniignUlcent pictiircm for purposes 
rd sideidllh^ measurement. 

If il turns Old. (hut any of! the lines photogniplmd in the spectrum are of 
uUimjihrnr ovlj;lu, Mm iH(lhsull;y will Im largely romovcsl, as timso atmospliorio 
ihiiei enuld lii^ umsl lei referoneo points. Professor Pickering has triotl, hy 
dm liiliuimsitiou of vavioUH vapors in tlio path of the liglit within tho 
leleHenpc (uhe, In gi*t UnoM Unit will aiiHWor Mm purpose, hut thus far 
NYideml. any ri'iilly HaMfifaclcjry resnllH, Until this diniculty is overeomQ it 

will he iuip'oHfiUile b» make liicHo spcml^ra yield us all of tho inform atiomvhich 
they midnuhtmlly enniidn with respect to the moMons of tlm stars in tlio lino 

Ilf sijdd . , it . 1 ! I 

VoiM'l in hirt plintugriijildii work inenUoimd in comamtlmi wiUi tins subject 

(Ar(. un;i) iuumI an iwdhfcavy spiMdroscopo with a slit. This arrangenicnfc 
riH, Hired a very long expiiHiire, and limited Mm dispersion it was possible 
to employ ; but it peviuitiad him to use a liydvogmi Gcissler tuho placed 

widilii die tidcMeojie iPndf, lo furnish a (!()in]uiriHim speiitruin, 

804 Twinkling or Sointillatiou of tho Stars, — This is a purely 
Ht,n.Mi,lu.rio usually vlclont muir tUu li(>i-l«)u and almost null 

nl. Ilm m-uini. II. «lllT«'i'rt '>'» ueconling to the 

hleudiliCHM nf die idr. 
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If thu spectrum of ft star iicfti* the oustcrn horizon bo oxainliKid 
witli a spech’oscopo so held as to mako the spectrum verticiil, it ^vlll 
appear to he contimiftlly trftYorsod by dark biiiulH running thn>np;h 
the speotriim from the blue end towards the red- At the 'wosLei'u 
horizon the bauds move in the opposite direction, from red to hlno ; 
on tlie meridian they merely oscillate bnok and forth ^ 

Cause of Scintillation. — Authorities diffor ns to Lh^ oxaofc t'xpliinitLlon 
of aolntillation, bub probably ibis mainly duo to two causoH (optically s^Hiiik- 
iug), both depending on the fact that the air is full of RtroiikH of unequal 
density that are carried by the wind. 

(1) In tlie first place, light traufliultted tlirongli such a inodiuui is enu- 
ceiitrated in some places and turned away from others h\j amplo vejhiv.tlon : 
so that, if the light of a star wore strong enough, a white Hurlacu llluuii- 
imted by lb would look like the saudy bottom of a slmllow, rliipliug pool 
of water i3Uu ini nated by sunlight, witli light and dark inoitlingH whioli 
move with the ripples ort tlie auvfaoo. So, as wo look towards the Htnr, 
and the motbliiigB duo to the irregularities of the air niovo by uh, wo wu> the 
star alternately bright and faint j in obhor words, it Iwlnl'ks ; and if wo 
look ftb it in a telescope we shall see that it not only twiukUiH, but danevs^ 

it is slightly displaced back and forth by tho rofraotioii, 

(2) The other cause of twinkling is interference.^^ PouoUh of light 
coaiijig from tho sfcai* (which optically is a movo point), and focibly 
refracted by the air in t]\e way above oxplnlued, roaoh tho obsorvcjr by 
slightly diffei'ent routes, and are just in tv condition to inUn'fovo. 'rim 
result of the interference is the temporai'y dcatructlon of raya of certain 
wave-leiigtlis, and the romforcemont of othovs, At a giv(Ui moment Um 
green rays, for instance, will be 'destroyed, whilo tho rod and blue will i)o 
abnormally intense ; hence tlie quivering dark bands in tho speotriim. If 
the star is very near the horizon, the effects are often fluflloloiib to pvoduco 
marked chnuges of color. 

'' 866. Why Planets Xwinklo Less than Stars. —This is hialnly 

because thc}’ have Aim of sensible diatneler^ so that thei'O is n {jonural 
uiichaiiging average of brightness for the sum total of all the liinil- 
iious points of which the disc is compofecd. When, for Instance, 
points of the diso becomes dark for a moment, point Ji, very near 
it, is just likely to hecomc bright j tho Intorforonoo conditions 
being different for the two points. The different points of the diso 
do not keep step, so to speak, In tlielr twinkling. 
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CHAPTER XXI 

UOUBLE AND JtULTIl'LE bTAUS — OUBITS AND MASSES OF 
DOUJ$LE STi\^3 —OLUS'I’EUS. — HBUUL4^ — TUB MILKY WAY 
' — DISXTUITOTION OF HTAWb — CONSTITUTION OF TUB STELLAE 
UNIVBUHB. — COSMOGONY AND TUB NEUULAU IIYIWITIESIS 

866, Double aud Multiple Stais — Tlio (closcopo shows iiuineious 
lUBlaueos in winch tuo stiiis lie vuiy noiw cnch othoi, in many 
ciiaps so iK‘iU‘ that they can he seen soparatp only imdci a high 


s 


**■ 

Castor 

a- 

(Urs.Maj. 

0 Hercuhs 

^ Herculis 

Y\ Coroni^ 

yVirginis 

II Monocerotis 

■ ? ■ 


* 

•H . 

t 


y Andf'OTTL 

^ CtVicri 

^Oriocis 



N 


Ho 220 — Doublu (inil Mulliplo Rlnifl 

power These Jiie eaUed ^^douhlo ^Uus ** At pieseut 
soinellnug over 10,000 such couples me known, and the mimhor is 
continually uici easing In not a few instances wo have thee stars 
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together, two of which are ns ii ally very close luid the third farther 
away; aud there are several oases of quadnq)lG whom thoro 

are two pairs of stare lying* close together (as in e Lyriu), or a i)air 
of stars with two single stars close hy ; and there are some 
where more than four form \x multiplo h’ig. re prose i its 

a number of such double and multiple stars. 

867, Distance, Magnitudes, and Colors. —The aj^paront distanooH 
usually range from 30^^ to few tolescopos being able to separnti^ 
double stars closer than y'. 

Ill a very large proportion of cases (perhaps about one-third of ull) 
tlie two stars are nearly equal ; in many others they are cxtreniuly 
unequal, a minute star near a large one being usually kiio>Yn us its 
** companion.” 

Not infrequently the components of a double star proHCUt a lino 
contrast of color; never ^ hoioever^ in cases iohere Ihey are nearlj/ oAputl 
in mcignittale. It is a remarkable fact, as yet wholly nncxpluiuod, 
that when we have such a contrast 6t color the tint of the sinalhu' Htar 
always lies higher in the sj^eclrim than that of tln) larger one. Tlio 
larger one is 09’ aud the; stiialler oiio green or Wb/t, 

without a single exception 
among tlie many InindrtidH 
of sncli tinted con pics now 
known, y Androinediu and 
13 Cygni arc lino exainploK 
for a Biiiall tehjscope. 

868. Moasuroinont of 
Double Stars, — Such nicuH* 
ures arc gonuriilly iniulo 
with a (liar poHlti(>n-»ini- 
cromotor, cBsentially suoh 
as shown in Figs. 28 and 
20 (Art, 73). The quan- 
tities to be determined arc 
, . Fio. 227 , i^hodistaneoandposltlon- 

MeasurerneritofDJamnceawdPoBlUon.AngleofuDoiiblo OOliplO. I)y 

siai-. custanco we mean simply 

' . , apparent distaneo in 

seconds of arc between the centres of the two star discs. The jk/.si. 
twn-mgle of a double star is tlio angle made with the Aom-erre-fo 
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hy the line (baton Jwm the laiejei Ua) to the smaUeii leckoning aioiind 
Uom the noitli thioiigli tlic east, as shown in Fig 227 

rUotogidpliy may alho be used, and piomise& to become a favoiiio moihod 
The lust phoiogiaph ot such an object >Yns by Bond lu 1851 

869 Stais Optioally and Physically Double —Stais may be double 
in two dilieient ways They may bo moiely ojyiitaUy double, — that 
IS, simply in lino with each ollici, but one far beyond the oilioi , oi 
they imiv bo ically veiy iioai logethci, in which case they aic said to 
l)(‘ phynudbf connpdecW because they aio then uiidei the iiillueuce 
of their uuitiuil atti action, and move accoidiiigly 

870 Cuterion foi distinguishing between Physically and Optically 
Double Stais — I'his cannot bo done olt-luincL It loqiuies a soncs of 
moasinoinonts long enough coiiLiniiod to dotciniine nhetlici the lolativo 
movement of the stais is in a cuivo oi a stuughb line If the stais 
aic leally close togcthei then atU action u ill foico iTioiu to dcsciibc 
GUivcs aiound each othci K they aie really at a gicat distance and 
only aocidoiitally in lino, then thou piopei motions, being Bcnsildy 
unifoim and leclilmeai, mil pioduce a 'ielalwe motion of tho same 
kind Taking oitlici siai as ii\ed, the othci stai will appeal to pass 
it in a stiaight hue. and willi a steady, luiilmm diift. 

871 Uelative Number of Stars Optically Double, and Physically 
oonneotetl. — lloublcstai obsorvationa piactically began witli Sn 
Willmin Ileischcd only a littlo moie than a bundled yeaiH ago 
AVlien he took up tho subject less than 100 such paiis had been locog- 
ni/.ed, sueli as had liccn accidentally encounUued in making obaoiva- 
tions of vaiious kinds The great maionty of double stais liavo been 
disco veied so lecently Unit sufllcicnt time ban not yet elapsed to nmke 
tho ei ltd ion above given chectivo with moio than a small piopoition 
of tlicm But it 18 already pcifoctly clear that the optioally doiililo 
stars uio, as the theoiy of piobabiUty shown they ought to veiy 
few in numboi, while several hundred pans have shown tliemselvos 
to be physically conncotccl, i c., to bo what mo known as bincuy ’* 
sliMs, 01 couples which levolvc aiound then common centieof giavity» 

\ 872* Binary Stais. — Sir AV. Ileiachel began Ins obseivaUons of 
double stais in tho hope of ascoitauimg stellar parallax IIo had 
Bupposed in tho case of couples whcio one was laigo and tlio othoi 
small til at tlie s mallei one was usually a long way beyond the other 
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(as soMBlinies is really Llio fact). In this uasc Lhcr(3 shoiilcl bo per- 
ceptible variations in tho distance and position of the two wtiirs dm- 
iug the courao of the year; precisely sucli variations us those by 
which, flfty years later, Bessel suceceded in getting the parallax (>!' 
61 Cygnl (Art. 811). But Hersohel, Instead of nndlng the yearly 
oscillation of distance and position which ho expected, found (piitc 
a different, and, at tho time, a surprising thing, — a regular, progred- 
sive change, which showed that one of tlio stars was Blo^Yly doHcriblng 
a regular orbit around the other. To use his own expression, lie 
♦‘went out like Saul to seek his father’s asses, and found a Iclng- 
clom,’’ — the dominion of gravitation^ extended to tho stars, unlimited 
by the bounds of the soloi* systom. j y Virgiuis, $ Uimo Major is, 
and f ricreulis were among the most prominent of the sy stems 
whioli lie pointed out. 

At present the nninlxT of pairs to be binary in at least 

200, and as many more begin to show signs of movenumt. (Up 
to tho present time of course only the quicker moving ones am 
obvious.) About fifty have progressed so far, — having niade at 
least one entire revolution or a great part of one, — that their orbits 
liave been computed more or less satisfactorily, 

873. Orbits of Binary Stars. — Tho real orbit doscrilied ])y eark 
of such a [)air of stars is always found to be an ellipse, and ass lull- 
ing the applicability of the law of gravitation, the coniinon centre of 
gravity must be at the focus. The two ellipses are precisely similar, 
the one described by tho smaller star being larger than tlio oilier in 
inverse proportion to the star’s mass. 

So far ns the rehitive motion of the two bodies goes, wo may rcgiiixl 
either of them (usually tho larger is preferred) as being at rest, luwl 
tho other as moving around it in a VGlativQ ovhit of precisely tho Raiiui 
as either of the two actual orbits which are described around 
the centre of gravity. But the relative orbit Is largo r, having for its 
Bcrai-major axis the siiw of the two semi-axes of tlio real orbits (Art. 
427), 

Usually the relatwe orbit is all that wo can ascertain, as this alone 
can be deduced from tho micrometer inoaBiivcs wlieii thc^y consist 
only of position-angles and distances measured between the two stars. 

1 It fa not yet fully demonslratsd that tho iiiotiona of binary fllara nro chiu to 
i?ravitntlQii, though It ia extremely ami the burtlcn of proof aeoma to 

be shifted Oimii those wlio are diapoaed to doubt It. Soo, howovor, tho fool- 
note to Article flOl. 
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In a fow casen whore such nioasures have been made Ironi small stars in 
the samo field of view with the couple, but not belonging to the system, or 
when the couplo has long been observed with tlio inoridiaii circle, it boconies 
possible to work out separately the orbit of each star of the pair with refer- 
once to their cotnmon contro of gravity ; then we can deduce their relative 
Hi asses, as far instance, in tlio case of Bivins and its companion. 

874. Caloulation of the Orbit of a Binary Star. — If the observer 
is so placed us to view the orbit perpendicularly, lie will see it in its 
true foriii and having the Jarger star in its focus, while the smaller 
moves around it, deseribiug ‘‘ equal areas in equal tunes.’* But if the 
observer is anywhere else, the orbit will be apparently more or less 
distorted. It will still bo an ellipse (since every projection of a coiiio 
is also a conic), but the largo star will no longer occupy its focus, 
nor will the major and minor axes bo apparently at right angles to 
each other j nor' will they oven coincide with the longest and shortest 
(liaiiietors of the ellipse. In this distorted ollipso the smaller star will, 
however, still describe equal areas in equal times nroimd the larger one. 

Theoretically five absolutely accurate observations of the position 
and distance are sufilcient to determine the elements of the relative 
orbit, if wo assnmo that tlio orbital motion is described under the law 
of gravitation. Pnictieully a greater mnnhor are needed in most cases, 
imeauso tho motions are so slow and the stars so near each otlior that 
(jbservaUon-errors of O'M (which in most calculations are of small 
account) hero become important. The work requires not only labor, 
but judgment and bIcIU, and unless the pair has completed or nearly 
oonipleied an entire revolution the result is apt to be seriously .uncov- 
tiiiiu So far, as 1ms boon said, about Ilfty siieb orbits arc fairly well 
determined. Catalogues, more or less complete, will bo found in 
Flamiimrion's book on “Double Stars,** also in Gledhill*s “Haiicb 
l)oolc of I^oublo Stars,** and Ilouzcau’s “ Vado Mccum.** Sec 
Table V. in tho Appendix. 

876. Sirius and Prooyon. — ‘Tho casea of these two stars are vomark- 
ablo. In both iusiauc(?s tlio largo stars have been found from meridian- 
circle oVisorvafcions to be slowly irioving in little ellipses, altliougli wlasn this 
diHcuvery was first made neither of thorn was known to be double, lii 18G2 
the miniito companion of Sivina was discovered by Clark with tho objoot- 
glass of the Chicago telescope, thou just finishod, and at that time tho 
largest object-glass in tlio world. And this little companion was found to he 
prooisely the object needed to account for the peculiar motion of Sirius itself, 

In the oaao of Prooyon, the companion, if It exists, is yot to bo disoovoredj 
not, bowovor, bocauso it has not been carofiilly looked for with the most 
p('WGrful instruments. 
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876, Peviodfl. — Thu purlods of Htiu'a, ho Pju* im i\t pioHuul 

known, vary from foiirtGcn yoai'H (tho imriod of 8 Kqimhil) io luoirly 
1600 years, as J Aqiuirii. 

U IK pimHil)ln Mint uim or two 
otliui’H may bo found wiili [lorimlH 
ovou ttliorlnr iliiin ronrliMui ynai'K, 
and it Ik pniotidiiily iMUliiin (im( 
i\H Uiim gons on, puiiH of l(U)j*i'v 
jHiriod than 1600 yriii'K will po*- 
Hn|)t llioiiiwdvnH. Uoinjjuind )M!- 
riodn miic.li nxeiuidiug 130(1 yoava 
numt, liusviu'or, luj naadvrd il(. 
pniHanl witli inunh voanryn, 

kIiown thn iipjuimd 
orhltH of HiUMinil of Mm niosl. In- 
laroHMn^^ hiuarioH. 'rim llj;ui'i‘ 
for { l/iumrl (nopitid fiiHU (M(‘d- 
hill) 1 h liuiornuit ; IK7H and lH:*i 
Hliould bn iulnrolmn^md, and Mm 
arrow nwnrHLal.* 


877, Size of tho Orbits,- • 
Tho iiiiKnlar HoniUiiuvlov n.vim 
ot the orbits thus far computed nuigo from ulumt ()".:l for 8 kimilci, 
to 18“ for a Contaiii'i. The real diinuiiHloiw arc, of tiiuirmi, only In Im 
obtained Nyhoii wo know tho Htar’s parallnx itiid dlHtaiuro.' b'oi'ln- 
nntely several of tho stars whoso pandlaxiss liavo hiMii) dcttU'miiii'il 
are also blnarv stars. AHsiimlng tho data us to parallax and in-biM 
given in the tabtos In the Appendix- (mainly taken from llonwau’o 
acle Mecnm ) we find the following short table of rcsnllH : 



Xamtj. 

Aenumod 

Anidilnr 

Ktrul 

' 1 

I'ri'lutf. { 

1 


Piirullitx. 


Hfiinl.iixln, 

V CRBsiopoiro 

Sirius 

Qcminorum . . . . , 

a CGnfnari 

70 Opliluchi 

61 Cygni 

n”.ir, 

l),88 

1 0.20? 

0.75 

1 0,10 

0.43 

8,riH 

n.rM* 

17,60 

4.79 

15,401 

57,0 

27.7 ? 

2.0,0 

aa.i) 

1)5, H? 

’ 

Ui5y;2 
5*2,0 1 
200 

77,0 

01.5 

450.0? 


' 





M KRn. 

{■> I. 


A.ii 
-I *26 1 
(i,an ^ 

^.i I 

;?.n 

O.LM f 
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ll U obvioua from the table that the double-star orbits are com- 
parable with the larger orbits of the solar system ; that of a Centaiiri 
being just about equal in size to that of Uranus, and that of i; 
( JjiHsiopeim not quite double the size of Neptune's orbit. Of course 
the n\i\ny binary stars whose distance is so great as to make their 
parallax insensible while their apparent orbits are as large as those 
given in the list must have real orbits of still vaster dimensions. 


878, Masses of Binary Stars, — When wc know both the size of 
the orl>lt of a hitiary and its period, the mass, according to the law 
of gravitation, follows at once from the equation of Article 53G, 

M + 711 = 47r^ — • 

If t and ft are given respectively in years and astronomical units 
of (UstancAU then, by omitting the factor comes out in 

tenm of (ha snn^H The Iinal eolinim of tlie little table above 

glv(^H tln^ niimas of the six pairs of stars as compared with the mass 
of llu^ HUn. Ikit the student must boar in mind that the parallaxes 
of stars are ho uncertain, that these results are to be accepted with a 
very large margin of orror. 


870, Bolation between the “Mass-Brightness’' of Binary Stars, 

Mojiek of Dulilin has rocontiy called attention to a curious relation 

ladwcoti the apiaireut brightness of a binary, its period and (angular) dis- 
imm oil the one hand, awd its << mhiiMghliiessr or camlle^power per ton, sp 
1,0 Hpoak, on the 4)l.her,.' — a relation which does not involve a knowledge of 
1,1)0 pnrallfu of tlio stars . Ho shows that if we let 1 be the apparent^ bright- 
iiesH of any iloublo star, idiotoinotrically determined, a the semi-major axis 
of’ its orbit (in Hcconcbs of arc), and l its period in years, while k is its 
vuisMyhhwiiiiy** or candle-power per ton, — then we luivei 


k'l 5 J 01' I’ 



(The OlmertHUorfji Fehrii<ivy^ 1887.) 


I ThiH IH Hlrielly inio only on the assumption that either the two uomponents 
of the dmihlu filar have tbc Bame iiiaBB-hrightiiesfi, or else that ^ 

flo nmeh Hinaller that its motion is practically tlio same as if it ^ 

ounicle. It breaks do^vn when the two stars of a pair da not dtjev much w 
hut do diflhv in brightness ^vvohMy an unusual case. 

however, the 'doubtfur assumption that different double stars are of the same, 

densilg. 
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Ifo hikrH i MajiH'in ns a wln-iidard (r.c., its A:=l), aiul Hncls for 

y Ki'niiin ; fi)r a ( ii'.Mjiiuu’uin, d-8 5 icji* Siriufii 7 ; {or ^ Ilorcolis» J 
,f Cur, tlin.p l.H; for 70 Oiililnolii, O.Ji{J ; for rj CaBsiopGiuo, 0-22; and for 01 

O.OH. Ih cHIkm’ words, y f^aoiiiH is on onnouBly brilliant in proi>ovfc1 on 

li] iirt iiiiiHs, Sh’lUH Ih iin'ilinui, while 01 Cygnl is oxtroinoly faint.^ Upon 

IbiH srido llio hiiiTh vntsii-hn'iiftfifnsu woiilfl bo about 2, Jnclging from itfl mass 

iiiid biigbltirHH noiiipitriul with l-liiit of Sirius (Aria. 802 ami 877). (Wo 
biivn giviMi iibiJVo only 11 low of Mr* Moiiolc^s niunbors.) 


880. Havo tlio Btara Planets attending them It is tv very 
imlnnd nnppoKlllon ihnt Ibo iniinito conipanioua which attend Boine of 
tlu; luijjji'i’ rtliuH niuv 1 hi really pltxuativry In their iiatiiroj bhining tnoro 
01 li'hH i)y lelleoliHl Uf^bl. Ah to tliln wo can only say, that while it ib 

(luiU) iiuHslhle Umt oilier alurB boBlcloB onr film may have their roll lui oh 

of piimrlH, It irt (initii noriiiiii tluit Hiich planets could not bo soon 
Ifv \\H with rniy oxiHling tnhmcope* If our fiun were viewed from 
ft ( Viitimrl, .InpiLer would he u stai: of less than the twenty-Urnt inag- 
hiludis at a diHliiime of only from the fiuu, wblcli itself would bo a 
Hiualllah lirHl-iiiaguitoda Htav. 


881i 'riui Hliil-oiiirnt run )u' vt'rifloil 11s follows i Jupiter at opimsition is 
corlahily iioL e<[ijivultuit in brightiiaas to twenty stars like Yoga (mos 
nliui.oiiKarin innnsiii’imamlH niuUo it from eiglit to foiirfcGon). A^siuii uff, 
howev(»iy that It Is I'cinul to twnnly YTegas, Us light rocelvod by the ca 

f,„„. Jui.ilnrlH KlM.ul. IV.nr Hire, omit, al lu.itB, bo that neon Iron, tho Ba„,« 
•.liHliinw, riH 111,, Him, ilH liRlil would bo aixtoon times that qomitity, 

ViiVill ii'ri^iiVHHIOOl* bnl.woon tUo light o£ two hUu-h oorrusiiomb, to a 
dlffunmco <»f 20 iiiugniiudc-s 

M,OOOf> 


^Ing 12iVlbb(»0U -H.UUUl) ; but 


: 20,24 iimgnitudos. (Art. 820.)^ 


(K400U 

,V,',inll„Kly, if tlm ol,K„vv„r woi'« removed to such a distance tliat tho bu„ 

a(Vi»l,uul),.1nvll'’'‘^''‘"‘'‘''’'*“ the hvonty,fl,'Ht magnitude. , _ 

ing l„ Art, Biiil, it ivnnld ,-„<iuiro a '2o-iocl, telescope to show a fitar n£ t l o 
hhl,-eiiLl, imignitudn- it w„iil,l tlioreforo require an instiaimont wit , an 
aU'I nvn oC ‘Jr.O i.mh'nH, or nearly 21 foot, to show magnitudes 

rllnlev, even If Hmru w„ic no largo Bfcnr near to add to the difilonUy. 

flfia Tiiiilo and Multiple Stare. —There avo a oonsidoi-ablo mnnbor 
<,r!,l,j,’nls nMblH kind, and Home of thorn constitute phyBieal ByalomB. In 

11,0 oIh., of I Canc-l tbo two larger stai-s revolve around thoir common 
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liontro in a iioarJy ciroular orbit less than 2" iu diameter, and with a period 
of aViout sixty years ; wliUe tho third star, smaller and more distant, moves 
nronud tlio closed pair iu an orbit not yet well determined, but with a period 
that must l)c several hundred years; and in its motion there is evidence of a 
l«>culiar perturbation, as yet unexplained. In e Lyraj we have two pahs, 
(uuili mahiiig a very .slow revolution, of periods not yet determined, but 
prol»u\)ly ranging from 1500 to iiOO year.s. And since the pairs have also a 
conn non pro| ier motion it is practically certain tliat they also are idiysically 
connected, ami rtu’olvo nronud their coumion centre of gravity iu a period to 
ho isu'.lconnd by millmmiums — tlio motion during the last hundred year.s 
being baredy perceptible. In other oases, as for iustaiico, in the multiple 
,Htar 6 Orionis, wo have a number of stars not organized iu pairs, but at more 
or leas equal distauee.s from each other : we are confronted by the problem 
of >1 bodies in its most general and unmanageable form. Nature challenges 
the imithematicians. 


883. Clusters, — ^ There arc in tho sky numerous groups of stars 
(lontuiiiing from one luindrctl to many thoiisand members. Some of 
tluim are mtulo up of stars visible separately to the naked eye, as the 
IMeiadea ; some of them require a small telescope to resolve them, as, 
for inslantte, the Pricsepo in Cancer, and the group of stars in the 
sword-hnmlle of Perseus ; while others yet, even iu telescopes of 
some, size, look sinudy like wisps or balls of abiuing cloud, and break 
up into stars only iu the most powerful instruments. 

in a largo Instrument some' of tho telescopic clusters ore magnifioent ob- 
jnets, (iompoHod of thousands of stellar spavlcs compressed into a ball which 
is day/dingly bright at tbo oontro and thinning out towards the edge. In 
sonio of them vividly colored stars add to the beauty of the group. In the 
iiorl'lu'rn liomi.s])]icve tlio flnest clustei' is that known as 13 M Hercules (a, 
KP' !17‘“ and S, 30° -1.0') not very far from the " ai>ex of the sun’s way.” 


884. Tho Pleiftdea. — Of the naked-eye clusters the Pleiades is 
tlio most interesting and important. To an ordinary eye six stars are 
oasily'vlBiblo in it, the six largest ones indicated in the figure (Fig. 
22i)). PyoB a little totter see easily five more — those next iu size 
in tlio figure (tho two stars of Asterope being seen as one). A 
very small telescope (a more opera-glass) increases the "w^^er to 
nearly a hundred ) and with large instruments more than 400 ore 
catalogued in the group. A few of the stars, apparently in the cluster, 
are really only aceidontally on the same line of vision, and are distui- 
gulslied by proper motions different from those of the rest o le 
group; blit tlio great majority have propm- motions nearly the same 
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in nmount ami direction ; they liavo also identical spcoti’ii, niul tlioro' 
fore undoubtedly coustltiitc a single system. 
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^o. 229. ~ The Plolailee. 


The distances and positions of tlie principal Htars with respect to 
central star Alcyone have been carefully inGoam-cd throe or Xoiii' 
during the last fifty yenva. The' relative motion^ during tlio poviod liiivn 
not proved large enough to ndmit of aatisfactovy do term 1 nation, but it in 
clear that such motions exist. A oiivious and interonting fact is the prcHonci) 
of nebulous inalter in considerable quantity, A portion o£ tbia nebnlosity 
hanging around Merope (the northeast star of the dip^^r-bowl In the figiiru) 
Avas discovered many years ago; but it 'vvaa I'eservod to photography to 
detect very recently other ’wisps o[ nebulosity attnoliod to other stars, esiKi* 
cinlly to Mala, and to show that the whole simce is covered with streaks nml 
streamers of It, emitting light of such a diameter as to lin press tbo phcdti- 
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gmiihic plato much more sti'ongly than the eye. The eye cannot see the 
iHjbula with the same telescope whicli is able to photograph it strongly. 
'I’liQ rigure shows roughly the outlines of some of the principal iiebiiloiis 
(ilaiinsnts. 

886. Distance of Star-Clusters and Size of the Component Stars. — 
Tho question at once arises whether clusters, such as the one men- 
tioned in riorcnles, are composed of stars each comparable with our 
Hun, and scpanitcd by distances corresponding to the distance betw^eeii 
tlie sun and its neigh])oring stars, or whether the bodies which com- 
pose the swarm are really very small, — mere sparks of stellar matter : 
whether the distance of the mass from us is about tlie same as that 
of the stars among which it seems to be set, or whether it is far 
beyond them. Forty years ago tlie accepted viewvwas tliat the stars 
cunniiosing the clusters are no smaller than ordinary stars, and that 
the distance of the star-clusters is immensely greater than that of 
the isolated stars. There are many eloquent passages in the writings 
of that period Imsed upon the belief that these star-clusters are 
HtelhiT nniversefi^ — galaxies,” like the group of stars to which 
tho writers supposed tlm sun to hclong, but so inconceivably 
remote that in appearance tlioy shrank to these mere balls of shin- 
ing dust. 

It is now, however, quite certain that the other view is correct,-— 
that Htar-chistcrH arc among oitr stars and form part of oiir universe. 
J.urge and Himill stars are so associated in the same group in many 
caHCH, as to leave us no choice of belief in the matter. It is true 
tluilv as yet no parallax has been detected in any star-cluster; but 
that is not strange, since a cluster is not a convenient object for 
olmcvvatlbus of the kind necessary to the detection of parallax. 


•j‘ 880. Tho Nebxxlce.— There are also in the sky a multitude of 
faintly shining bodies, — shreds and balls of cloudy stuff that are 
known as (the xvord meaning strictly a ^‘little cloud”), 

f ionic 8000 of these Objects are already catalogued. 

Two or tliroe of tlioin are visible to the naked eye. The nebula in 
the girdle of Andromeda is tlie brightest of them, iu which, it will be 
roincniborcd, the temporary star of 1885 appeared. 

'Fhe next brightest is the xvonderful nebula of Orion, which, in the 
boauty and variety of its details, iu the interesting relations of the 
included stars, the delicate tint of the filmy liglit, and in its spectro- 
scopic interest, far exceeds the other, — indeed, all others. 
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It IS sn (lifliciilb to ropreflont tliOBO dolicatxj objoots by any procoHS avail- 
ftblo to text-books, that wo limit ouraolvos to cuts of two oaly, tlio grout 
tiebiilaof Aiidmmeda and the ring-nebula in Lyra (botii from original 
drawings), referring the reader to the elaborate ongraviagH that can Im 
found in the Philosophical 'J ransacfcionfi,” the ♦‘Momolvs of Urn Hoyal 

AHtroaoniical Society^" 
and other Himilar worlcs, 
for adequate r(q)rosonta- 
tiouH of other iiibu'esb 
Ing obJcotH of this kind, 

With a amall tela- 
Boopo a aobiila can not 
bo cliBtlngulsiiod from 
a clofio Htar-ohiftter, 
and It Ib quite likely 
that tlio olustcra and 
nobuho Blmclo into 
each otiior by infloimi- 
bio gradatloiia. Forty 
yeai’B ago it ^YaB Blip- 
posed tliat there was no distinction between thorn except that of 
mere remoteness, — that all iiebnlai could bo resolved into stars by 
aiiffloicut inoreaso of telescopic power. When Lord Hesse’s groat 
telescope was first erected, it was for a time reported (and the staLo- 
ment is still often met with) that it had resolved*’ the Orion nolnila. 
This was a mistake however, No telescope over has resolved that 
nebula into stars nor ever will, for ivo now knotv that It Is not com- 
posed of stars. 



Fia. iao, — The OroRl Nebula In Androinodn. 


887. Forms and Magnitudes of Nebulee. — The larger and brigbtor 
nebiilm arc, many of them, very Iri'egular in form, sLrotcldng out 
spray#? and streamers in all directions, and containing dark openings 
or lanes.*’ The so-called ‘‘ fish-moiitli” In the nobnla of Orion, and 
tlie dark streaks In the nebula of Andromeda, are striking ex am pi oh. 
Some of these bodies are of enormous volume, The nobnla of Orlon^ 
witii its outlying streamers, extends over several square degrees, and 
the nebula of Andromeda covei’s more than one. Now, as soon 
frara even the neai'esb star, the apparent distance of Neptune floiu 
the sun ia only 80’’, and the diameter of Its orbit 1’. It is porfeotly 
certain that neither of these neb idea is ns near ns a Centaurl, and 
therefore the oroBS-seotlon of tlie Orion nebula, as soon from tbo 
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earth, uuist bo at leaat many thousand times the area of Neptune’s 
orbit. 

AVe do not know what is the real shaj)c of either of these nebulfo, 
whether it is a thin, Oat sheet, or a voluminons bulk ; but some 
things about these two nebiihe and several otliers favor strongly 
the idea that their thickness does not correspond to their apparent 
area. 

888. The Smaller Nebulee. — ► The smaller nebulae are for the most 
part elliptical in outline, some nearly circular, others more elongated, 
and some narrow, slender streaks of llglit. Gonorally tliey are 
brighter at tho centre, and in 
many cases the centre is occu- 
pied by a star. Indeed, there 
is a considerable number of so- 
called nebulous Htavfiy** that 
is, stars with a Iia/.y envelope 
around tlieni. 

There are some nebnhc which 
present nearly a niilfonn disc of 
light, and arc known as ^^plan- 
elanj** nebnlm, and tlmre arc 
some which are dark in the 
centre and are known as “ an- 
inilar*' or ring nebute. The 
finest of these annular nelmhe 
is tho one in tiie coiistollation of 
Lyra, about half-way between 
the stars and y ; it is shown 
in Fig. 231. 

There are also a numlDcr of double nebiilm, and some of those oxliibit 
a remarkable spiral structure when examined by telescopes of the 
largest aperture like the great rellcctor of Lord Rosso, The so-callocl 

whirlpool ** nebula in the constellation Canos Vonatici is the most 
striking specimen, This spiral structiu'c, however, is to bo made out 
only in large telescopes ; in fact, very little of the real beauty of most 
of these objects is accessible to instruments of leas than 12 inches 
aperture. 

880. Variable Kebuleo. — There are several nebulm which vary in 
their hrighlnesa from time to time; one especially, near e Tauii, at 
times lias been visible with a sinall telescope, wliilo at other times it 
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is entirely Invisible even with large ones. So far no vegnlar pcrloi-li- 
olty bos been nacertniued in such cases. 

* 

t 890. Their Speoti-a. — One of tho earliest and moat ronmrkabUi 
achieveraonta of the spectroscope was Its ileiiuniMLnitloii of the fact 
that the light of many of the nebulm procecils inuliily t\-oin lumiuom 
gas. They give a spectriiin of six or seven briglit lines' (Fig. 232), 
three of which are fairly epuBplcuous ; while tho rest are very faint. 
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Three o! the. lines, IIy^ anil ht tuo due to Iliffivof/en. One, tho TtvinteHt oi 
all, recently disco vevod by Copeland, aeeins to bo idoutioal Avllh tlio Uno 
of the Bolav chromosphere i b\it tho oiigin of tho rest vonmina iinkiiowni 
The brightest line of the whole number la in tho gi’oon, and wns for 

a while refaiTBcI to nitrogen; but under oloaor oxaininntlou tho identiliontioii 
breaks down, bhongh the abudent will find it abill oallod tho nitrogen lino" 
in many astronomical works* 

Mr, Lookyer identifies lb with a “fluting” in tlio low-tenipcraturo 
trum of magnesium, which he Ims found in tlie spootrum of motemitcaj but 
this seems rather doubtful, aa tlio nebula line ib fine and alinvji, and doesa not 
look at all like the i-elio of a hand; nor has tlio ooincidnnoo boon Ratinfac- 
torily established by actually confronting tho nebula npootruin with that 
of magnesiinn. 

All the nebulro which give a gaseous Bpeotnim at all, pnismit this samo spiie- 
trum entire or in part, If the nebula is faint only tho hrightcHt lino ap^xiurs, 
while the By line and the other fainter lines are soon only in tlio briglitont 
uebiilpa and under favorable oiroumatances. 

891. But not all tho nobulte by any nioanB give a gasGons spet?- 
trum : those which do bo - — > about half tlio wliolo mimbor — aro of ii 
move or less diatlnot greQuish tint, which is at onoo vg cognizable in 
the telescope. The w/izfe iiGbuloo, the nebula of Andromeda at tlicir 
head, give only a contlinious and perfectly expressloiiloas spoclrnni, 


' Tlje Trave-lengtha of (he ifnea aro the rollowlng, in . the orticr of hrlghliiussj 
0) 600,41 (2) 496.87 (8) 480.1 Hydrogen (I?); (4) 484.0 Hy droguiiy ; (G) 410.1 
Hydrogen (h); (fl) 587.4 Heilum (?) ; (7) 448 ? 
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Dinnailvcd by any ImeB oi b.uuls, eithei bright or daik This must 
not be inteipieted as showing tliat these uebuUie cannot bo gaseous, 
foi a gas under JD) osiiU'i e gives just Bueb a spoctiuin , but so also do 
masses of solid oi liquid when heated to uicaiidesGcnoe The spoetio- 
scope eiiiiply declines to testify in tins case The telescoxno evidence 
as to the iiatuic of the white nobiilie is the same as foi the green 
Tliey withstand all attempts at lesolution, none moio (Innly than the 
Andioincda nebula itself, the bughtest of them all 

892 Changes in the Nebnlse — I'ho question has been uused 
whethei some of the nebuhv liave not sensibly eluuigod, even within 
the few yeuis since it has bcecjnie possible to oliseivo them in detail 
It is quite certain that in impoitant lespocls the early d)awin(fs diffei 
sonously liom those of leeent obsoiveis, but the appearance of a 
nebula depends so imicli upon the tolcsGO]ic and the cucuinstances 
under which it is used, the leatiuos aio so delicate and iiidelinite, and 
the difllculty of repioscntnig them on papoi is such, that veiy little 
lollancG can be placed on disci epancies between diawings, unless sup- 
poiicd by the evidence of meaburp^ of some kind 

Tlui^ fai, tlm )n*st anil ion ticated mslaneo nl sueli a cluuigis acooiding 
to PioPessoi Holden, is in tho sotallod “tnhd” iicluila, in Sagittanus 
Tn this ohjeot tlieio is a peouhiu tin eo legged nioa of daikness vlncli 
divides Uio nebula uilo lliu'o lobes A bught tuple slai, winch in tlio 
oaily pmt of the centuiy was desoiihod and flguied by Hmscliel and 
other obsoiveis as in Iho innhllc of one of those daik lanes, is now ceilainlv 
m the edge of tho nebula itself Tho stai does not seem to haio moved with 
lofoienco to tlie ucMgliboiuig sUus, and it seems thmefoie neccssaiy to suppose 
that the nelnihi itself has diiflod and clianged Us foim 

As to tho nebula of Onon, Piotessoi IToldenN eonclusion is, thatuliile 
tlio of the difleiont featiiies lia\o piobably luuleigoiio but liillo 

change, thou 7 dative h)i(jhtnes<\ and pioinmence have been contimially ilne- 
tuating* Ibis, liowovoi, can haully he eonsideied ccitain, to settle the 
qucBtion will piobably leqiiuo auotlioi Afty yeais oi so, and the compau 
son, not of diawings Init of phoU){i)aphH^io\ it is now possible to photo 
giapli tlio hughtoi nobnhe 

\ 893 Photographs of Nebulte* — The Aist success m photogiaph- 
ing an object of this soii was obtained in 1880 by Di Henry Draper 
in oxpeiimonts upon the nebula of Oiion, in 1881 and 1882 be gieatly 
improved upon bis Inst essajs ; and not long liefoie his death in 1882 
he obtained a lenlly tine pliotogiapli of the beautifnl objects I^fr 
Common, of England, with lus tiuec-foot silvei-omglass leileetoi, and 
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expoaufGrt mnglng from 1ml f an hour upward, has elnco thou obtained 
pictures of tbe same object, still finer, and that Boom to loavo little to 
bo deslrod, They fail of perfection only beenueo the Btara which 
jewel the nebula so brilliantly ns soon by the eye, become lu a plioto- 
gmph mere blotches, cncroaclilng upon and cutting out largo patchea 
of the most intcroeting portions of the nebula. 

A number of nebula' liavo also ])ecii pliotograpliod by othovfi as well 
as by Common; but ho still nialnialns tbo load, and it Is lioi>ed that 
when lua now fivc-foofc reflector is finisliod, lio will proenro for ns an 
autbontio record of the present ai^pcaraiice of all the most iinpovtiint 
objoots of this class. 

ff 

894. Nature of the Nebulse. — As to tlie constitution of theso 
clouds wo can only spocnlate. In the green nebulra wo can say with 
confidciioe that hydrogen and some other gas or gases are certainly 
present, and that the gases emit most of tlio liglit that roaches us 
from snoh objects, lint how mucli solid or liquid matter in the fonn 
of grains nud drops may he included within the gaseous cloud wo 
have no moans of knowing. 

'Die idea of Mr. Loclcyer (a part of his •\\ido induotioii as to wliab we 
may call tlm ‘‘inoteoritic constitution of the niiiverso") ia that tlioy nro 
clouds of “sparse metcoritcB, the collisions of which bring about a riso 
of temperature sulRoiout to render Inmiuous one of thoir chief constituents, 
— in ague si 11111," 

How far this theory will stand the test of tiino and future investigation s 
renmins to be Been. At first view it seems very doubtful wbetlior tlio colli’' 
siouH in such a body could be frequent or violent enough to account for 
its luminoslby, and one is tempted to look to other causos for tho source 
of light, 

89fi. Number and Distribution of Nebulee. — Sir AVilHam Hor- 
Bchel was the first extensive investigator of theso Intereeting objoots , 
and left his unfinished work as a legacy to his son, Sir John Her- 
acliel, who completed the Burvoy of the heavens by a roBidciioe of 
several years at the Cape of Good Hope. His “ General Catalogue ” 
is the atanclard of reference for objects of this kind, and contains 
about 5000 of them. Between 2000 and 8000 more have been 
added sinoe its publication, most of them oxti-emoly faint. It is 
hardly possible that any important ones remain tq be found. 

As to their dietrlbiitiou, it is a onrlouB and important fact tlmt it 
Is in contrast to the distribution of the gtars. The stars, os we shall 
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soon ace, gather especially in and about the Milky Way, as do also 
the stav-chisters ; but the nebiilse specially crowd together in regions 
as far from the Milky Way as it is possible to get. As has been 
pointed out by more than one, this shows, however, not a want of 
relation between the stai’H and the nebnloe, but some ^ relation of 
contrariety.*^ rrccisely wluit this is, and why the nebnlte avoid the 
regions thickly starred, is not yet clear* Possibly the stars demur 
ihem^ that is, gatlier in and appropriate surrounding nebulosity so 
that it disappears from their neighborhood. 

896. Distance ef the Nebulce, — On this point we have very little 
absolute knowledge. Attempts have been made to measure the par- 
allax of one or two, but so far unsuccessfully. Still it is probable, 
indeed almost cortain, that they are at the same order of dhtmee as 
tlie stars. The wisps of nebulosity which photography shows at- 
ta(!hed to tlie stars in the Pleiades (and a number of similar cases 
appear elsewhere), tho nebulous stars of Herscliel, and uumorous 
nobnlm which liavo a star exactly in the centre, — these compel us to 
believe that in such cases the nebulosity is really at the alar. Then 
in tho Houtiiorn homispliorc there are two remarkable Umiinous clouds 
whi(.*h look like detached portions of the Milky Way (though they 
are not mair it), and are known as the Nnbeciilce (major and minor), 
'riume are made up of stars and star-clusters, and of nebulae also, 
all Bwaiming togctlier, and so associated that it is not possible to 
question their real proximity to each other. 

897. Idfty years ago a very difforont view prevailed. As has been said 
already, (iHlirouomars at tliat time very generally believed tliat there was no 
{lirttinctiou botwoeii iiobultB luul star-clusters except in regard to distance, 
tlio nchulm being only clusters too remote to show the separate stars. They 
coiiHidercd a nebula, therefore, as a » universe of stars,’* like our own ^<galac- 
tio cluster ” to which tho sun belongs, but as far beyond the "star-clusters” 
as ihcs(i wtu’e holioved to bo beyond tho isolated stars. In some respects this 
old Ixdief strilcos one as grander than the truth oven, It made our vision 
ptUH drain more dco^dy into space than wo now dare think it can. 

898. The Galaxy, or Milky Way, — This is a luminous belt which 
Hurrounda tho heavens nearly in a great circle. It varies much in 
width and brightuess, and for about a third of its extent, from Cyg- 
nuH to Scorpio, is divided into two nearly parallel streams. In 
HOveval constoUatlons, a.s in Cygnus, Sagittarius, and Argo Navis, 
it Ib crossed by dark straight-edged bars that look as if some 
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light ulolul hiy alhwtiit it, and in ihn (UHmtidhuloii <»!’ ( ‘(‘nliun iis llM‘m 
ia a (lark poar-blaipod orlllcG, — tUo coal Hack/' an it m called. 

The galaxy liiteracclH tlic odlptlc at two (>i)i>OHitc poijda near Uic 
BolatlcoB, making with it an angle of almiit Hll^, 'I'lic iiitilhm'n 
“ galaotia polo/' aw It is <?all(«l> Uch, acconllng lo flolin I ImHc-ln l, 
in declination ‘1-27®, and right UHCJonslon 12^' '17'"; tlin hchiIIumii 
*‘ galaeblo polo” Ih of eonmo at Urn <>|i])OHlto point In llm Moiilhmi 
hemisphoi’o. Ah Ilorsclud reinarkK, the ‘*gahud.ic [ilanc” “is In 
ttldcrcal what the ecliptic In to planetary aHtrimoiiiy, a plaiui nC 
idtiinato roforeneo, tlio ground plan of tlic Hldcreal nyHimn/* 

The Milky Wixy Ih made up almost wholly of Hiindl Hlarn from tln' 
eighth jniignlLndo down, It eontahm alno a large jniiida'r of /dm- 
cluBtors, hat (as has heon already mentioned) V(‘ry low Irim mdaihe. 
In Bomo plaeoa tlin Hlarn are too thickly packed for oj am ting, en*- 
pooially in the hrlght knotH which abound here mid linage- 

(An oxcollout ihdalhal desorlptinn tif lls apjHainnire atol fonrno iiiny ln’i' 
found ill IlnrfloheVs “ OufclliuiH of Astrennmy.") 

890. Distribution of Stave iu the Sky: Btav-Gaiigofl. - - K, ht 
obvlons that the stai'H arc not \iiilfonnly Houttered iiver the lieavmm. 
Thoy bIiow a docldcd toiulency bj collect In grou[iH Imre and liimv, 
and to form connected 8 treainH ; but hosldcH thin, an cniniieralhm id' 
the stars hi the great stav^catalogucH hIiowk that the numlier iiii'ieaHi'u 
with consldoralde regularity from the gidnetlo poles, where lln'y aiv 
most towards the galactic circle, wlierc limy are iiiost iTowiletl, 

The “Btai’-gange«” of tlio IlerKchelH make thin fact hiHI mnin 
ohvioiiH. 


I .1 / 'i'hoBO gauges conftlfttod moroly In the eounting of Mm ninnhm' ipT ^ilnr-. 
^ visiblo hi the (lold of view (IT/ In dlaineUir) of Um twenly-fouL rellrePpr, 
Sir William IIorHchcl iimdo liiOO oC these gauges, dlrceMng Iho teleseopo t«i 
(Ufformib par of the sky; and Ids son followed up the work at Hie I'ujie nl 
Good IToik^ Struve’s disenssloii of these gauges lii Mndr reletimi to llir 
galaatie olrolo glvc‘s the following result J — 


lUoiaucu Troni Oslaxy. 
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75° . 
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900. Struotiire of the Heavens, — Oiiv space does not permit a 
discussion of the untenable conclusions reached by Herschel and 
oiheia by combining the unquestionable data derived from observa- 
tion, with the unfounded and untrue assumptions that the stars aro 
substantially of a size and spaced at approximately equal distances. 
Many of those conclusions relating to the form and dimensions of 
the Milky IVay^ and of the stellar universe to which our sun belong.^, 
luivo ]) 0 (H)me almost classical ; but they are none the less incorrect. 

It is certain ) however, that the faint stars as a class arc smallei* 
and darker and more remote than are tlie bright ones us a class: and 
iHJCOpting this, wo can safely draw from the star^gauges a few general 
conclusions, as follows : — ■ 


Wo prosnut ihcin substantially us given by Newcomb in his “Popular 
Astvonmiiy,” p. '101 . 

1, *‘Tho grout mass of the stars which compose this (stellar) 
system aro spread out on all sides lu or near a widely extended 
|)hine, passing through the Milky Way. In other words, the large 
majority of tlic stars which we can see with the telescope are con- 
tained in a space luiving the form of a round, flat disc, the dlamoter 
of which is eight or ten times its thickness. 

2, AVithiu this space the stars are not scattered uniformly, but 

ar (5 for the most part collected into irregular clusters or masses, with 
comparatively vacant spaces between them/’ are ** gregarious, 

to \m Miss Clerlcc’s expression. 

3, Our sun is near the centre of this disedike space, 

4, Tho nahiil-ejjie stars “are scattered in this space with a near 
ayin'ottch to unifomiity,” the exceptions being a few star-cliistei-s aiul 
Hliir-'n’oupa like tiie Pleiades and Coma Berenices.. 

ri.”“ The dlso dcscriVied above does not represent tlie form of ttie 

stellar system, bnt only tlm limits within which it is mostly con- 
tained.” The eireimistanccs arc such aa to “ prevent om assigning 
„ny more donnite form to the system tlian we conld assign to a eloiwl 

On each side of the galactic region tl«o stars are more evenly 
,i„d thinly scattered, hut probably do not extend out ^ 

all approaching the extent of the galactic region, or if they t' y 
;;,o very few in. nmiiberi bnt it is impossible to set any clefln.te 

7'!’ Orili Bide of the galactic and stellar region we 
region, comparatively starless, bnt oecnpied by great .nnnbeis o 

nobulai. 
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A8 to the Milky ^7ay itself, it is not yet certain wliothor the nUira 
which compose it are distributed pretty equally near tlui galaetlc 
circle, or wbetlier they form something like n ring with a coinparti- 
tively vacant space in the middle. The ring tlmory ho (Mil h at priJHmit 
rather the more probablq of the two. 

As to the distance of the remotest stars in the stellar system, it Is 
impossible to say anything very dell nl to, but it socina quite nertuiu 
that it must be at least so great that light would oocupy from l(),0()d 
to 20,000 years in traversing it. If one asks wliat is beyond tliu 
stellar system, whether the star- 11 lied space extends in do flu Italy or 
not, no certain answer can be given. 

901, Do the Stars Form a System? — That is, do they form an 
or(janized unit, in which, as in the solar aystom, each of tlm iliffenMil 
members has its own function and perinanontly nmintains Its relation 
to th(j rest? Gravitation certainly operates, as the hi nary stum 
demonstrate,^ and the stars arc moving swiftly in various dlroctioim 
with enormous volocitlos, as shown by tlioir propor niotloiiH, and hy 
the 8pecti‘03cope. The question is whether tlicscj motions lU'o con- 
trolled by gravitation j and whether they carry tlio stars in orhils that 
can be known and predicted. 

That the stars are organized into a ay stem or systems of noma nort 
can hardly be doubted, for this seems to 1)0 a necessary coiiHcqucnm^ 
of -their inutiml attraction, Bub that the system is ono at all after 
the pattern of the solar system, in wldch the different in end) erw move 
in dosed orbils, — orbits that are permanent except for lliu .slow 
changes produced by perturbation, — this is almost eortaliily im- 
possible, as was said a few pages baok, 

903. Is there a Revolution of the Whole Masfl of Stars — A 
favorite idea has been that the moBS of etara wliioli coiiRtitutos bur HyHLeiii 


* Tliia fa periiapa ralf^er too strong an exproBsion. It would be Irucr to xiiv 
that none of the obierved phciiometiA of tho binary stars contnwonG the ludvor- 
sallty of gnivdtatioTi, and for tho moat part they aro j\iBt what gravitation oti«lIy 
Rcconnti for. But they do not demonslrate that tho central forco varies InverKely 
T^ith the square of the distance, because wc do not know the angle nindo hy jiif 
orbit-plane with the line of sight, except from cRloulationa baaod on the iiasninp^ 
tion that the central force really varies in that way. The orbits, as diruelly 
observed, are consistent with several other laws of central force than Ujo 
law of inverse squares. (8oo ABtron, Journal,” Yol. YTIT., artlclo by Prv>r. 
A. Hall.) 
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li«us II « low rn Latin 1 1 liko tluit oE a boily on its axis, fclio plane of this general 
nivuhition ooinciiling with tlio plane of the galaxy. Such a general motion 
is not in any way i neon sis Lei it witli the iiulepeiKlcnt motions of the iudh 
vidual stars, and ilnu’e is p(*rhsips a sligiit inherent probability in favor of 
sucli ji movement; hut thus far Ave have no evidence that it really exists — 
indotnl, l.here hardly could he any sncli ovulence at present, because exact 
AHtrijuomy is not yet old (mongli to have gathered the uficessary data. 

903 , Contrul Suns,* — A numhur of speculative astronomers, Madler 
|iorbn]»s most prominently, liavci lie hi the belief that there is a “ cenlral sun,*' 
staiKling in some sneb relation to the stellar system as onr sun does to the 
Hidur system, It is Imrdly necessary to say that tlio notion has not tbo 
slighti^st foundation, or even probability. 

I /111 1 1 Isn’t supposiul muni/ sueli suns as the centres of subordinate stellar 
syslMius, ami bm;ause we eaiumi seti ibeni, bo imagined tlioni to bo dark. 

If we (U)nr.eivo of boundaries drawn around our stellar system, and count 
nil Ibo slurs within Uio limits as inoudiers of it, leaving out of the account all 
( hat full outside, tlnm, of course, oiii’ system so limited has at any moment 
* a pm’foctly dtdinil.e mUro ofi/ranthf. Tlioro is no reason ^Ylly some pavticiihu’ 
slur may not bn vin-y m^ar Unit ceulre, and in that sense a ^'central sun ” is 
poHsililtM ])nt Us (smtral position would not give it any preeminence or rule 
oven* its neigblmrs, or put it in any sncIi relation to the rest of the stars as 
tlio Him l^eiirs to the planets. 


004, Orbits of Sim and Stars. — It is practically certain tlmt the 
iiKdJonH of tlm Htarrt arc not orhitid in iiny strict sense, liixceptiug 
Htarn wliUdi arc in (dusters, all other stare are siinultaiieoiisl}^ acted 
upon by many forces drawing in various and opposite directions; 
null iln^Hc forces nuiBt in most cases be so nearly balanced tlmt 
the ruHultant cannot ho very large. Tho motions of the stars must 


(nniHivtmmtlV) as a rnl(‘., bo nmrly rectlUnear. 

Still tho haluiioing of the forces will seldom be exact, and accord- 
inglv Ibe ])ath of a star will almost always be slighthf curved ; and 
tho amount and direction of tho resultant force which acts on 
l,lm i^tar is (Continually changing, the curvature of its^ motion wil 
alter correspondingly, and the result aviU be a path wiueh does not 
He in liny one piano, but is bent about in all ways like a piece of 
wiv«. It iH hunlly llkolv, howovcv, that the eurvatiu'e of a 
l..Uh wouhl, in any ordinafy enso, be sneh as conW ^ " 
by the oliHervntions of a single centnry, or even of a tliousand 

Ah hns been said before, in connection with the proper 
the Htm-H, llin prol)ability is tlmt tho sopnrntc stars move nemlj 
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penclently, ‘Mike bees In ft swftrin.” In the solftv aystem tlio tuMihiu 
poprev ia BUpremC) and portiirbatioiiB or dovlatlona from tlm ]m\U 
wlnoh tho central power presenbes are small and transient, In iln: 
atellar syatom, on the other Imiul, the central force > if It oxlats al nil 
(aa nn attraction towards the centre of gravity of the whole nnuiti <4 
stai's) is trlillng, Perturbation pi’evails over regularity ^ and “ imh 
vidualisyn " 1b the method of the greater aystem of tlie stars^ ns nulin 
deapotlam is that of the ainaUer ay stem of the planots. 

905. Oosniogony. — Unquestionably one of the most interesllo|: , 
ftiid also moat baflllng» topics of speculation is the problem of Him 
way in which the present condition of the universe came iiboul, 
what pi'occasca imvo moons and earths and Jupiters and SuturuH, 
come to their present state and into their relation to tlio aunV Win 4 
has been their past history, and wliat has the future in alnn* fni 
them? How has the sun come to, hla present glory and doniliH^in r 
and in the stellar nuivorse, wliat is the meaning and mutual rahitli*3i 
of the various orders of bodies wo see, — of the nebnlm, tlm ntm- 
ohiBtovB, and the stars themselves? 

In a forest) to use a comparison long ago employed by the chh i 
Hei*schel, wc see aromicl us trees in all stages of their life liiHioi y 
There are the seedlings just sprouting from the acorn, the Hlrmh i 
saplings, the stiird^' oaks in their full vigor, those also that nri* »*!d 
and near decay, and the prostrate trunks of tiro dead, (‘ati u« 
apply the analogy to the lieaveiis, and if wo can, which of the oliji i ii;. 
before ns are to be regarded as in their infancy, and whioli of lliMm 
ns old and near dissolution? 

906. Fundamental Principles of a Eationol Oosmogoiiy. • In 
the present state of science many of the questions thus HUggi'^li *1 
seem to be hopelessly bey gird the reach of investigation, wliiif’ 
othera appear like problems which time and patient work will 
solve, and others yet have already received clear and ditridrd 
answer's. In a general way it may be said that the condintHufnn} 
find aggreffaiion of rarqfied masses of vuiUer under the farrv i4f 
gravitation; the conversion into heat of the {potentied) “ envrgg *4" 
2 X) 8 Uio}i** destroyed by the process of condensaiioii ; the ef'ect nf //m;> 
heat upo)i the contracting mass itself and the radiation of enuiufff 
apace and to surrounding bodies as waves of light and hoal^ — \U\ ^ * 
principles contain nearly all the explanations that can tlniH fur 
given of the present state of the heavenly bodies. 
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907 The Planetary System — ^qq that oui phuictaiy vsyatem 
IS not a meie acciclentdl iiggiegaiion of liocUes of iimttei 

coming hap-luizaid towaids the foun would move, as comets do^ ui 
oilntB, always conic sections to lie huus but ol cMuy degice of eccen- 
tiicity and incbniition Tlicio aio ii multitude of relations actually 
obsGived m the phuiotaiv system which aie wholly independent of 
giavitalion and demand an oxpbination 

1 'The oilnts aie all voiuly luudu} 

2 Tliey aie all iieaily n? ono plane (excepting the cases of some 
of the hille asteioids) 

6 The revolution of all is in the Hime duet bon 
4 Theio IS a ciniously leqnUa pnxpc^Hion o/ distances (expiessed 
liy Bode’s law, winch, howe^ei, bieaks down at Noptniie) 

T) Theie is a louglily legiilai piQipesHion 0/ density^ ineieusing 
both ways fiom Satin n, the least dense of all the planets ui the 
systenn 

As legaids the planets themsehes, we Ivave 
0 Tlie^)?aac of tlie planets^ lotution neaily conuidUuj with thd of 
the oihd (piolmhly excepting Uianus) 

7. The dDedton ol the iota turn the same as that of the oihiUd 
feeolulton (exc(‘pting piohal)!^ Uianus and Neptune) 

8 'Pile j^/fincof tnhdaJ leoolubon of the coinciding neailN 

with that ol the planet’s loiation 

‘), 'j'ho dueetion ol the Rntelliies’ rovoluLioii also coinciding 
that of the 2 ^l(^inet\s loliUwn 

10 'Die hugest planets lotate most swiftly* 

908* Origin of the Nebular Hypothesis* — Now tins is eviclcntlv a 
good anuiigemeiii loi a planclaiy system, and theiefoio some ha\0 iiileiied 
lliat liio Deity made li so, poifcet fiom the fust But to ono^Yho consiclexa 
tlie way hi which ollioi poi feet woiks of natine usually come to then peifec- 
lion — then piocessosol giowth and deielopmout — -this explanation seems 
impiobahh It appeals fai nioio likely that the planoiaiy system yicio than 
tliat it was hudi oiitnght 

Tiiieo dilleieut plnlosophei s in the last con tin 3^ Swedcnboi g, Kant, and 
ha Place (only ono of tlioin an astionomoi), indepeiulontly pioposod ussen- 
iially the same hypothesis to account foi the system as we now know it 
La ]*lace*8 tlieoiy, as imglit have heou expected fiom his mathematical and 
floientilic attainiiKMits, was the most caiefully and leasoiiably woikcd out in 
detail It W'as foinnilated beloio tlie discoveiy of the gioat piinciplc of Uie 
“ (onsm vation ol eiicigy," and heloio the meclianital equivalence of heat 
with olhci founs of cneigy w'as known, so that in some lesiiects it is defec 



616 


oo&moqony. 


tive, and even certainly wrong. In Ita main idea, however, that the Bolar 
Hyatein once existed as a nehuloua inaas and haa reached its prosenb etate 4ia 
tlie raflult of a flerles of purely pliysioal prooesses, It Booms cevtiiln to prove 
correct, and it fonns the found atlon of all the ourrout fipBOulatioiiB upon the 
subject. 


009. la Place’s Theory, — (a) He supposed that at some past time, 
which may be taken as the starting-point of our eys tom’s lilstory 
(though it is not to be consldoved as the beginning of iliQ e^t%tencQ of 
the substance of whloh onr s^^stem is composed), the niattor now col- 
lected in the aim and tdanets was in the form of a nebula, 

(b) Thia nebula was acHond of intensely healed gas^ porliaps hotter, 
as he anppoaed, than the aim is now. 

(o) This nebula under the actlou of its own gravitation, naanined 
an approximately globular form with a rotation aroiuid an axis. As 
to this movement of rotation, It appears to bo necessary to ucoount 
for it by supposing that the differout portions of the nebula, bofovo 
the time which has been taken ns the starting-point, bad motions of 
their own. Then, unless tliese motions happonod to bo balaimcd In tlio 
most perfect and improbable manner, a motion of robition would sot 
in of Iteelf as the nebula contracted, just as water whirls in a basin 
when drawn off by an orifice In the bottom. The velocity of this rota- 
tion would become continually swifter as the volnmo of tim nebula 
diminished, the so-called “ moment of momentum ” roraainhig neoos- 
sarily unchanged. 


910. (d.) In consequeiicc of this rotatiou, tlio mass, instoiul of 

reinainiug spheiicftl, would become mnoh Qattenod at tlio polos, imd as 
tlia rotation went on and the motion boonmo nocolorated, tho tlmci 
would como when the centrifugal force at the equator of llio noli' 
Ilia would become equal to gravity, and “ rings of nebulous matter’’ 
would be abandoned (not thrown oft) , resomblliig the rings of Biituni, 
which, indeed, suggested this feature of tho theory. 

(e) A ring would revolve for a while as a whole, but in time woiikl 
6reafc, and the mateilal would collect, tnlo- a single globe. La Place sup- 
posed that the ring would revolve ns it it wore solid, tlio outer edge, 
therefore, moving more swiftly tlian the Inner. If this were so, tlio 
mass formed fiom the collection of tho matter of the raptured ring 
icouW riKessarllyrotale in the same direction ns tlio ring hnd rovolvoa. 

(/) The planet thus formed would continue to revolve around tlio 
central mass, and might Itself in turn abandon Hugs wliieii might 
break, and so fuvnisli It wltli a retinue of satellites. 
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on. 1 1 Ih ohvitjiiM tliut. Ilils thiM)ry itu'otM inust of [\h\ 

roiulilliiiin nf llm pro)jli*ni. It. v\t\vy otw i>f lJu» laot-n jimt 

JIM iliMiniinlinp’ rxp|iini(LlUni iii ll^^^ iiuhir HVMlniii. It 

I'vpliiiuH llu^m iilinost tno writ; fur tin 1lu« Ihfury hIjuuIs it tiujolM u 
inniil m'l'innsilillliMilty in Ihn istr^tfionul of Mm! plnnoliiiy 
fiiirli n?* tln! liiioniitloir^ tiihl i'olrnp,uu|i‘ ri'VoluUoim iif ilu^ of 

( nimitj ainl Ni^plnno, Anollu'r ilillliailly lii‘a in Uni Hwlfl. ivvoliillijn 
ill' I'hiiliMM (Alt. .'i.sD), (hd liiiH‘i' MiUnlliti^ of iMaiM. Aoniiiiliiip; to Uni 
niniHuUlh'il iMiliolar liypotlM-aiii, no pljUM*l, or Malitllita itonld liiiva a 
liiia* of vrvolnllon l»via Itian llu' Ihno of rolalion wlili’lt tlai oi'iitnil 
laiily wonltl liavn, if rNpaiiilial nnlil ila lailiuH laa-onioH iapuil to tin) 
ladinM of lint ftah'lliln'n iiililt; laaa iMMild it luivn ri lairlmi nlioiUsl 
Ilian tlin iaailial hodv hini. 

012. NocOHHUiy MotUllnaUonti, 'Tlai pdnnlpal motllil<*alloiuMvliioli 

ai'inn OHMonlial hi t*ai tlinorv in lln? lijditof onr pii’m'nt tin) 

Mia foll oviujif. (‘rill? anmil IntliMH ini)iaa.(n tlin uvlioliiH of Ilia. ori(fhiul 
ilii'oiy lo wliii*li vi‘lVrt‘tii ’11 |h mmli*. ) 

(/i) It IH not pi'nlialila Hint tin? oilp/mal nalinlu laivi* a 

/rai/a nvainn arly lilj'h an llai pivaiMit loniparalnio of llai 
!>nn. ‘Dia pi'ort'i^a of aniitlonifal ion of a. p.niaMiii'i idoint IVotu loan of 
Inal liy ladialioio wonlii aaina? Ilii’ laiiiptnahira to ananilln^;' to 
Ilia nanioKalili* ainl alnnmt |)unnlo\l(*al law (tf Lana (Art. 
nnlil Mia iimaa liinl )ia}pin |o liiinafy or Holiilify. Ami It a)i[H‘iirH prolo 
iilila Mint Mia oilj^Mnal indaila, Inalaiul of liaiii|jf prnriff wiih 

nUliai u i7MMd ttftlufif Miaii a that It wan iiunlntip of 

llnaly lUvIitail pmtli^lafi of aulM or niatlar, aaah jmrllalis anvol- 

opail in a inaiitia of pmoiaiiant |piK, Stn*li a nalnila In aoiiitanHinn; 
wonlM ri.v' in liaii[Ma nhna at. lhat aa if pnialy ;ipiHaoiia,i mo lliat Uh <a)n- 
lial nmsM aflar a limit woiibt raanli ilia nolar ala^s;a of l.ainjiamtnnn Uin 
Holiil ninl liipiiil paitlali'a mailing, ^ niul vapori/.liijJif an Mm iiiuhh ^^raw 
ImtliM'. At a Miilnia<|iHMil afiii’ja, whan Yt*t inont of Urn oiliijfinal aimif^^y 
of \\\v niuaa liml Imaii cliMaipalnl hy I'aillaMon, tlia lainparntnra of Hm 
IirallaH whiainvara foi anal fioiii ami wiMilii tlm nalmlawunlM fall iifi^iiln. 

Ami l.a i'limo /am/ lii.ivi( Iummi vl|d)tia ii>!«ail>lin( a lilnli l.miipmuiiini lo 
lim ♦nlnlmil imlmlu. If Mini wrn* nsilly Mn? auu(% Mm only dilfanono wouM 
ho that tint mdmlti wonhl im 1 hm{V' 1' la oan’liiia; tlm anmlilion td a milai 
Mtilota; lint i! i?i mit loai.'^wy, an Im impjiontHh to imHiinm lhat llin oiiainal 
toinpt'iaimo wiai hinio nml Miat Mm inuilor wiai firl};iimlly In u pmaly ninnouH 
i'omlil ioiii ill onlai' to mrnitnt for tlm pianfiit I'xlnlmmo of aimli a group of 
huilioH \[H Mm iMaainlorn'mil mni ami Um ronl alloinlanl pluiiohi. 
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013. (ci) Aa rogarcls the mamier in wliloh tbo plunotary lioclloB 
were probabi}^ li bo rated from tho parent iiuibh, it weema to be very 
doubtful wliotbor tho matter acouimilatcd iit tho oquator of tho rotnU 
ing luaea would uBually separate itself as a ring. If a phistlu iniiHH 
in awift rotation ia not absolutely homogoncouH and HynnuetrvciLl^ it 
la more likely to bocomo distorted by a lump formed souunvhere ow 
its equator, which lump may be ilnally detached ajul elrciihiU'. aroiinil 
its pvimai'y. Tho formation of a though posslblo, would kcou 
likely to be only a rare occurrenco. 

La Place seoma to have bellcvod also that the outer rings niuni 
neeessarlly have been abandoned first, and tbo others in regular huu- 
cession, so that tho oiiter planets are much the older. It sociuk, how 
ever, quite poasiblo, and oven probable, that several of tlic pluiioLi 
may be of about thO'Samo ago, more than one ring having hcoi 
liberated at the same .time; or soveral planets having been foviuc?! 
from different zones of tbo same ring. 

(e) In the case whore a ring was formed, it is i)rjietieally cerliiii 
that it could not have revolved as a solid slicob; Lf?., with tho Ham 
angular velocity for all tho particles, and with tho outer portions 
therefore, moving more swiftly than tlio inner. If, for liiHtuiuus, th 
matter which now constitutos tlio earth were over dlsti’lbuted to fon 
ft ring occupying anything like half tho distance from Voiuih to AFiln 
it must have been of a tenuity comparable only to that of a tioiiio 
The separate particles of such a ring could have had ^^ery little <^<)i 
trol over each other, and must liayc moved substiintliilly ns indepoin 
eut bodies; tho outer ones, like remoter plnneta, nuiklng their el 
Gluts in longer periods and moving more sloivhj than those nuivr Ll 
inner edge of the ring. 

014, Explanation of the AnomalouB Eotation of XTrauus and No 
tune. AYhen the matter of such a ring eoncontratcH Into a nlng 
mass, the direction of tho rotation of tho resultant planet dopeiuln iqit 
the manner in which the matter was originally distributed in tho rin 
If the ling bo nearly of die same density throughout, tho rcHullii 
planet (wMoli would bo formed at about tho middle of the riiij. 
width) must have a retrograde rotation like Uranus and Ne[)tuii 
But if the particles of the ring are more closely packed ncuir ' 
inner edge, so that the resultant planet would be formed miioh wU 
in tho middle of its width, its axial ixitation imist bo direcL In t 
ni^flfc ease, muatrated in Fig. 238 (a), tho partlolos near tho inner eri 
of the ring would conti’ol the rotation, having a greater moment 
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rotiiMoii with respect to ilf, where the planet is supposed to be formed, 
tluin iliOHe at tlie outer edge. The rotation, therefore, will bo 
YOiYOtjradii y on account of their greater velocitj^. 

In the otlicr case, Fig. 233 (&), where the inner edge of the ring 
in dcuHcst, and the pliinet is formed as at much nearer the inner 
Uian the outer edge of the ring, the aggregate moment of rotation 



with to .iV is groatcr foi- the partkleH beyond N (because of 

lluni' grealoi" tlmtftucc fi'oin it) than that of the swifter moving parti- 
oles within, and this dotorminos a clirecl rotation. 

'I’lu! foot tliat tlie satellites of Uranus and Neptune revolve back- 
wards is not, tlmroforo, at all a bar to tlio acceptance of tlie nebular 
hypolhcHis, as sometimes ropresonted. If a new planet should ever 
be discovered outside of Neptune it is altogether probable that its 
HiitellitoH ‘ivould bo found to retrograde. 


Tills is not the only way in which the retrograde 
uliuiolH niuy ho accounted for. tl^liero are a number of othei possible 
Lsumulions as to tlie coiistUiition of the mass detached from the pate 
nobuli and the manner in which ite particles ultimately coalesce to form 
planet, whioli load to a similar result. 

016 Vavo has rocontly propounded a modification of the nobularhypoth- 
asiHwi;ich.SesthoplauJtLftho«torrcstri^ 





f)20 

Karlli, and ^rai’H) (ilrlnr limn llm tmlnmiii'n, Hn riiip|iiisi‘M IliJif 

>voro ionutul by lomil (ininbnisjitiniiH (n<>l, by llin fniinjilifui ui 

fclio rnvolvln^^ unbiibi. At llnii', biifnrn Urn nnbnlawim inimli wS 

coiiinj, Urn liiwanl aUmnlioii wnild hi\ at any point ^ 

tho dislanco of ffint point Jhnn //m rvotir of tjntoihf of llm iniliulu; <b 

[orno Ofuild lin nxprnHKml by (,lio lapmtioii i'b ■; nr* Arinr (lin oiptnbnn .ki i-’ 

Imfl ^ono HO far Umt pninMnally ttlinonb tlm wlmln nf Ibn nmih-r Vi 

jit lilut conli'o of llio indnilii, Him bmtn 1 h mrnWy proportiwnU (o ^^ynop ii » 

the — tlio onlluary law of i^ravlUilloii, 



At any liitnnnmllalo Mtim, (lurln(Lj (bn f^nnlual miulonNiil lnii i»f I bo 

blio inlmiHlty of iho oontnil foriio will, llinrofont, bn givoo by iiu oxpit'- oit 

bavin tho fonn 

r bolng Lluj tliHUinoo of Hio Innly anlml uptm from llin nniilra <if grnvlly i 
bho noimlat wlillo a anil // um cimllloloiilH wblob npoii Ifn ngo; u • 

fcinually (ImtnmHing uh Mio imbnla grown ublor, wlilln h InniviiHOH. 'flio pi mo » 
lormoil Nvifclilu Lbo imlnila whou It wan young, rfr., wiinn n \vai< luvgp* nv^ 
waHRiimll, wonkl Imvn direct rolulhm hihui ilaiir a^'H, wlillo fiM iui 

aftor (t had HOimibly vaiilHliod would luivn a votrngnoln vidallon | niirl Ibi- b 
HuppoHOH to 1)0 tho OUHO with llmiiUrt inid Nopinno, wlilnh vnin‘bl«j 
yomujar ibaii tho iinmr plaiiolH. Vayi/H work I/Orlgino On Mumb'." 
contains an oxoolloiit Kuimnary of Ihu vIowh nnd llu'inioH of llm 
OfltronoinorH who havo Hpomilatod iijam tho iiOHningony. 

916. Tidal Evolution IVllliin a Tow yimiH (i. II. HuiMi 

(boh of tho ffi'oiit niUiii'iillHt) liiiN iniulu Hoino liii[inr(ui)t In 
tioiiB upon llu) olToot of liihtl i'mcJMiil holwooii u (■I'lilrnl mihuh uimI 
body rovolving about It, both of ihoni holiin HiipjioHOil lu Im ^.f t.ii- 
a natiivo (f.o., not almoliitoly rluiit), Mini, Ihlon viiii ho k'iib.inl ii|u. 
them ly tlioli' uuitiiul utli'iiction. A\'o linvo nli'oiuly nlhiiliMt lit iJ, 
subject ill eonnootion with tho tidon (Art. •IHi), Ho niiiiN lu ltd 
reaction ini oxpluniition of jnniiy piiz/.liiig fiiolH. Tl npni-aio. r. 
inatiinoG, Mint If n phiuet imil Itn Niitolillo Imvo ovnr hinl tlioJo nin. .! » 
I'otnUoii of tlio Hamu !mif;Lh iw Mio Mnio of llmir orhitnl 
around tl.olv coninum ooiitro of gruvily, Mmn, HtiirtliiK fi,,,., ti„ 
time, either of two tliiiinn might linppon, --- Uio nnlollllo ndKi,(, l„,„i 
to recode from the plnuot, (ir It nil^ht fall hnok lo Mm ooutrol mo.'.. 

1 10 eoiulitlon (none of iiiiHtulilo oqiiilihrhiiii, and llio Hll|ri,i„rt( 
might dotormluo the eiibHoquont oourHo of tlihigH In oUlior of it| 
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tiWo opposite di lections Wljenevei the lime of lotiition of the 
planet IS than the oibital peiiod of tlio satollito (as it would 

natuially become ]>y condensation continuing after the sepaiatiou of tho 
'satellite), the tendency would bo, as explained in Article 481, slightly 
to acceleiato the satellite, and so to cause it continually to icceclo 
by an action the levoiso of that pi od need by the hypothetical lesist- 
iiig medium which is supposed to distuib lOncke^s comet Tins, it 
uill be lemombeicd, is thought to bo the case with oin moon. 

917 But if by any means the rotation of the planet weie leiaycled^ 
BO that its day should become longer than tlie poiiod of the satellite, 
tho tides pioduced by tho satellite upon tho planet will then lolaid 
tliG motion of the satellite like a lesislmg medium, and so will cause 
a continual shoiteinng of its peiiod, piccisely as in the case of 
hmcke*s comet. If noihv^ig intoivenes, tins action will m tune bung 
down the satollito upon tho planct^s suifaco Now in tho case of 
Mai 8 thovo IS a known cause opeiating to retard its rotation (namely, 
the tides which aio iniscd by the upon tho planet), and those 
who accept tho tlicory of tidal evolution suggest that this was tho 
cause wliieh hist made tho length of the pianolas day to exceed the 
peiiod of tho satellite, and so enabled the planet to oslaliliBh upon 
the satelliio that iclai datum wlucli has shoi toned its little niontli, 
and must ultimately bung it down upon tho planet. 

Piocosses such as llieso of tidal evolution must nccessaiily bo 
extremely slow. TIow long mo the pciiods involved, no one oan yot 
estimate with any [iroi ision, but it is eciUim that the ycais aio to bo 
counted by the inillion. 

(Wo liavo alioady lofeiicd tlio leadei (Ait. 481^) to tho last ehaptevof 
Ball’s »8t()iy oC tho Ib'avtsiH” as ooui.uumg an oxcellont and easily iindei- 
Hlood explanation of tins Huhjeoi ) 

918. Couohisions dorivecl fxom tho Theory of Heat — As Profes- 
sor Newcomb has said, “ Kant and La Plaeo seem to have airived at 
the nebular liypotliesis hy Jowtuds. Modem scicuca ob- 

Uuns a similar icsuU by leasoning bachvauls fiom actions which we 
now see going on before our eyes ” 

Wo have abundant ovidGiico that trhe ea^th was mice at a much 
higher tempoialuio tlian now. As wo pcnetiaio below tho suifaco 
wo hud tho iompeiatiuG continually using at a rate of about 1*^ F 
foi ovciy fifty oi sixty ieet, thus indieaUng that at the depth of a 
few miles tho tempeiature must bo fai above mcandesccnco. Now, 
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bIiico thn anrfjico toinpomtiim in ho iiun’h luwnr, IhU imr 

balk) of two thiiijjjrti — oitliHi* Unit |ii'nrrHhi*M am 

on witlihi the oarth (ivhit^h inii^r Ijo tnio Lo Hfniio i‘xloni), i>i‘ {']uv Hia 
fcUo earth hiiH Ikuiii inuuh hotter tiian It imw iumI 1h nu»llii;^ nil , 
and this Booms to lut a moat [irohtililo Hiipposlilnn. I(. hi JunL m 
rcaaonablo, as Sir \V. Thonmon pnlH It, to nii[hm«<o lliui Mm l uiM 
huH lately bcoji Intoimoly luiaUul m to Mint a warrn Nlnnu Mm 

one piokfi up in tho (loUl Imu Imun laloly nonanvlimo in llm liiv. 


910 . Eyidonoo dorlvod from tlw Oonditiou of the Moon tun 
Planota, — In tho euno of tho watn m llnd a hoily )n»itrln|jj ujmph it 
fliirfaco all tho niarlcB of pant It^uoouH (U^Lioii, hnt imw In a)i|mai (iMi> 
intoiiBoly cold. Tho ho Ihr an wo c^an Jiidf^o fn»ni wliiif v\^ 

can HGO tiu'oiigli tho fcoh'BcoiMi, covrohoraLo llm Hiiiiin mnidiodnn 
Their toHtImony U not vury Htroiip;, hut It Lb at least (mo I hat nnthiin 
in tho aapootof any of Ummu iiillltaloH iijrnliiHt Mm view Mmt Miry iM' » 
aro hodlcB cooling lilcn tho oarlh ; ami in Mm nmoM of .(u|ii(oV oo-i 
Saturn many phcnoinona i^o to allow lliat tla^y arti hUII (or ut h-n o 
Tiojo) at a high Uniipomtum, — uh might ho oxiioolml of lioiliim m! 
fiueh an onorinons inaHH, whlidi, maamHarlly, oMnu' Miliiga )mio>^ oijujil 
would cool much more wlowly tlmn Hiimller ghilmH like Mm rai ih. 

Tho mtlo of HiirXaon to iniiHH Ih Hiuallor iih Mm iliiuin^trr of a uhiha - 
larger, and upon tliin ratio (bo rule itf odollng of a ImmIv -I.t/h.m.K 

KhoH, ovorytMhg wo oan asoortaiii from llio ohMorvidlon itf IhiMboc'lH ir i, < 

ooniploNy with tlio Idea that they liavoiua (o Ihoir layHonl opn.dilhm b. 

cnolmij a moUm or evtt} tumumA sUiU\ 


030 . The Sim’a Tostlniony, — in tiui Him wo Imvo u Ihiitv oimoliiy 

poming fortli an abaolutoly in,imur..tval,lo of lionl, ,vii),.o.i 

any viniblo sou, .00 ot sopply. Tims for ll.o only riMiHoimblo hvpntb. 
CHls to nooonnt for tbls, mul foni nniUlMnlo of othoi pli.-nmmMm'wbi. !, 
It shows U 8 , Ib tbo ono wliloh inalcos it a giout olmnl-munllo,! lo.ll 
of Inoaiulosconfc gimas, slowly slu'lnklng nnilor Us own o.-nlrnl ninviiy 

in^ the of boat, which at p.oHont Ih nnSy .aUlnill 






OONhlDKRATlONS FROM TUB THEORY OF HEAT* 523 


M 0 hay nmnlyy iDGcaiiso it is not iiiipohsible that the sun’s tempeiatuie is 
ovon yob slowly using, and that the nmximmu has nob yet been leached. 
Wo. aio not suio Avhcthei all the heat pioducetl by the sun’s animal shiinkago 
!S ladialod into spare, oi whethoi a poition is letained within its mass, thus 
uHsing its lompoiatmo, oi wholhoi, again, it ladiates moie than the amount 
thus guiHUcilcd, so that its tcnipeiatine is slowly climmishiiig 


9ai 'I hat Iho sun is i rally shunlving is admittedly only an nifeience, 
loi Iho shiinkago must l>o fai too slow foi dnect obseivation Oui case is 
lilci' that o£ a man who, to use one ot Tiofessoi New^comb*s illustiations, 
wlion ho roinoH into a loom ,iiid finds a clock in motion, concludes that the 
( loclc-wriglit iH drscinuliiig, oven tliougli its motion is too slow to be obseived 
Knowing llit‘ consUuction of tlic clock and the aiiangement of its geaiiiig, 
ami Lho numlun of tooth in each of its diftciont ^Yheels, he states confidently 
just how many thonsandths of an null iho weight sinks at each vibiation of 
Urn pimdulum , and looking into the clock case and measuniig the length of 
ilio apaoo m which the weight can move, and noting its piesent place, he 
piocoods lo slate how long ago the dock was wound up, and how long it has 
yet to lun Wo must not pusli the analogy too fai, but it is m some such 
way that we concludo fiom om ineasuicmrnts of the bun’s annual output of 
eiieigy in Uic fonn of heat, how fast it is sliiinking, and we find th^t its 
duinmtm must diminish not fai tiom 250 feet in a yeai , at least, the loss of 
]iolriitiiil ('uoigy i'oi u'sponding to that amount of shiiiikage would account 
foi mm >rai h uiimiug of iho soku niechaniani 


032 Age of the Solar System — Looking backwaid, then, m 
iiiiuginatiou wo see the sun gi owing coutmually laigei tluough the 
royoiHcd vomm of time, expanding and becoming ever less and less 
(loiiHo, iiiiUl at Homo epoch lU the past it filled all the space now 
mil lull'd within the largest oibit of the solar system 

How long ago that was no one can say with coitamty If we could 
asHuino that the amount of potential enoigy lost by contraction, con- 
voi lod into iho actual eneigy of heat and radiated into space, has been 
lho Hiuneoudi yeai through all the mteivcnmg ages, and moieovei, 
tliat all the lioiit ladmtcd fiaa come from this soiiice only, without sub- 
Hidy fiom any original stoic of heat contained in an oiiginaP‘ file 
miHl/’ oi rioin energy dcuved fiom outside souices, then it is not dif 
il(‘uU to eoncUidc that the suiVs past histoiy must coyei some 15,000000 


or 20,000000 ycais* ' 

Hut the assniuptlon that the loss of heat has been even nearly uni- 
foiin IS extremely impiubablc, considonng how high the piesent tern- 
novaUim of the sun must be as compai ed with that of the oiiginal 
ludinhi, andiiow the lalio of surface to solid content has incieased 


witli Ulo losBeiung diainoloi. 
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Nor is it imlikoly that tho sun may have roooivocl onoi’gy from otiic 
sou roes than Its own contmctioii. AlLogotbor it would stiOJii Ltiiit w 
must consicler the 15,000000 years to be tho least posslblo vuliio of 
duration which may have been many times more oxtonclod. If th 
nebular hypothesis and the theory of the solar contraction l>u tru< 
tho sun must be as old ns that, — how niiicli older no one can toil. 

023. Future Prospeots. — TiOoking forward toward the fntnm, 
is onay to eoncludo also that at its present rate ot radiation and coi 
traction the aim must, within 5,000000 or 10,000001) years, bucomo t 
dense that the conditions of its constitution will bo radically (dningo( 
and to such an extent that life on tho earth, as wo now know Ufo, woul 
probably be Impossible. If nothing Intorvoiics to vovorso llu! court- 
of things, the sun must at last solidify and boconio a dark, rigi 
globe, frozen and lifolosB among Its lifeless family of plnnnts, J 
least, this Is tho necessary conacquonce of whut now seems to HcieiK 
to bo the true account of its present activity and the story of its life 

924. Stai’fl, Btar-Clusters, and the Nebiilee. — It is obvious Mint tl 
saoTc nebular hypothesis applies satisfactorily to the oxpliuuiMoii < 
tlie relation of these different clasBos of bodies to each other. I n fm; 
llerBolicl, appealing only to tho law of coutiiuiity, hud concludoa bol'o- 
r^a Place fornuilntcd his theory, that nobulcc dovolop BomotlincH In 
cilia tera, sometimes into double or multi plo stars, and soinothucH in 
single ones. He showed tho exlatonco in tho sky of all tho In term 
dlate forms between tho nebula and the niiiahod star. For a tiiii 
about the middle of our century, while it was genorairy supposed ih 
all iiebulte were iiotlilng but star-clusters, too remote to bo resolved 1 
existing telescopes, his views foil rather into abeyance ; but wlion tl 
spectroscope demonstrated the substantial dlfforonccs botwimn 11 
gaseous nebulce and tho star-clustors, they rognliiGd acceptance 
their essential features; with perhaps tho reservation, that many u 
disposed to believe that the rarest even of nebulous matter, insUu 
of being purely gaseous, is full of solid and liijuitl jiarticlon like 
cloud of fog or smoko , 

926. The Present System not Eternal. — One lesson Hnonm 
stand out clearly, — that the present system of stars and worlds 
not an eternal one. Wo have before ns irrefragable ovl.lnncu 
continuous, uncompensated progross, inc-xorablo In one dlrcctio 
Ihe hot bodies are losing their heat, and (llstribntlng It to the uci 
ones, so that there is a steady, imromlttlng temlonoy towarila 


Trnc PRKMCNT not KTEIINAL, 
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'luifoiin (and theietoro useless) tempeiatiiie tluoughout the uni- 
\eiso loi heat) does woiL, and is avaikible as energy only token U 
tun Jioni hoite) to cooler bodies^ so that tins wuiming up of 
eooler bodies at the e\peiifae ol hottci ones always mvolves a loss» 
not oL energy (for that is indestiuctible), but of ahailabh encigy 
To use the technical language now usually Gniplo\ed, eneigy is 
imoQasingly dis^qKilad^* b} the pioresscs which nmmtaiu the 
piesent life ol the mnvoise, and tins dissipation of eneigy can 
have but one ultimate losult, — that of absoliito stagnation when a 
umfoim tempciatnie has lieen evei^whoie attained If wo cany oin 
imagination baekwaids we leach at hist a beginning of Hungs/* 
which lias no intelligible anteiedeni it foiwaids, an end of thinga in 
stagnation That by some pioceas oi other tins end of things will 
lesnlt m ‘‘new hca\ons and a new eaith^* wc can haidly doubt, 
but scionco lias as yet no woid of explanation , 

926 Mr Lookyer’s Meteoric Hypothesis — The idea iluit tin* 
heavenly bodies in then pi esciit state may Jiave boon foimed by the 
aggiegation ol metmio mattei, lathcr than by the coiidoiisatiou t)l a 
ilHHeout mass, is not new, and not oi igiiud with U\ Loek\ er, as ho him- 
self points out Ihit his adoption and ndvooacy ot tlio Iheoiy, aiul the 
snppoit he bungs to it fioin apoctroscopic expoiinionis on the light 
(‘iniUed by fiagments of meteoric stones undei diffoioiiL oondiLions, 
has given it such euuencv within the last two yoms that liiH name 
will always be justly associated with it Wo have already lofcired 
to it in several places (Aits 850 and 89 i especially)* 

Ito believes that he finds in the spectia of meteorites, under vaiioiis 
conditions, an explanation* of the spoctin of coinets, nebiiho, and 
all the difieient types of stais, as well as the spo(*tia of the Auroia 
Boiealis and the Zodiacal Tight 

Assuming this, he consideis that nebnlco aie ineleoiic awainia In 
the initial stages of condensation, the sopaiate individuals lieing still 
widely sopaiated, and collisions compaiatively infieqiioiit 

As aggiGgahon goes on, the ncbulec become stem^ winch iiin tluoiigh 
a long lifo-lnstory, the temperature first Inorcnsnig slowly to a maxi- 
mum, and then falling to non-lnminosity During this Ufo-histoiy 
the siais pass thiough successive stages, each stage oharactori/.ed by 


1 In some cases the explanation appeals to he at least doubtlub uspecliilly m 
instances whoio the piosonee of a shaiplj defined line in the spectrum of n )loa^ 
enb body is lefened to the degradation of n band observed hi the mGteoile 
spec Hum 
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its own typical flpoctmm ; mul uccovding to thoso views he divides tlia 
btars into six spcctroacopio clnsscs, as follows : — ■ 

T. TIiobo which, like the nobuli^, bIiow bright limm or JlHlimjH in tiui 
spcotviim, Avithout dark linos ov bands, Vogel's 11. (//) luul I. (<0 
(Art. 808) arc inclndod in this class, y CasBlopoiai an<l ir >‘2 Helijol- 
levnp are types. 

II. Those wliicli Bhow liotli dark UneH and dark JlnUnfjH iii the 
tnim. Vogel’s 111. (rt) : (a Orionis), 

III. Those which show the Jlne clark lines of matiils. 

11. (a) is inchulcd here in part, a Aiirigtc and the sun arc typical. 

IV. Those whose Bpcctra are characterized by the conft2)lcHons Jujdru- 
gen lines^ all other lines and markings being faint. Tbosc Btiii's arc at 
the simimit of the toniporature ciu*yo, Vogel’s I. (a) ; Sirius and Y cga. 

V. This class, on the desccjidwip branch , of the teni]>oratiiro curve 
(stars past middle life) , should have sensibly the same spectrum iih 
those of Class III. Wo cannot bo sure in which of the two cIuhh^^h 
our sun, for instance, should be counted. 

VI. The red slarsy their ftpeetrum characterized by lioavy abHorj)- 
tion bands. These are stai’s verging to extinction according to Mr. 
Lockyer’s view. A^ogoVs ill. (h). 

It is imposalble to go into detail and give here Mr. IwOokyov’H In- 
genious applications of the theory to explain tho plicnonicna of the 
different clnssos of variable stars, (See Art. 860 , liowover.) 

This hypothesis has recently been much strengthened bv a inowt 
interesting mathematical mvestigatlon of Trof. G, Darwin, who 
shows that, if wo assume a motooidc swnrm comparable in d linen* 
siouB with our solar system, composed of iiidlvldiial masses sueh 
as fall on tho earth, and endowed with snob velocities rus inoteorn iii'c 
Itnowu to have, such a swarm, seen from the dlsfcaneo of tho rUu'h, 
icould behave like a masa caniposed of a conlinuons gas: This is nul 
strange since, according to the kinetic theoiy of gases, a gas Is 
simply a swann of molecules, behaving In Just tho way the meteorites 
are supposed to act. But it follows that tho meteor io theory of u 
nebula does not in tho least invalidate, or oven to any great cxtoiil 
modify, the reasoning of La Place in respoot to tho developmout uf 
suns and systems from a gaseo^ia nebnla. The old bypotboKis lias m> 
qnaiTel with the new. 

While it would be premature to indorse this B\mculation of Mr. 
Lockyor’s as an established discovery (since tiicro ronmln in It many 
obscure and doubtful points), there can be little doubt that it marks 
an epoch in the history of the science. 
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TUK GinCKK 

Name. I^ollora. 

A , Alpha. I, i, 

n, /J> liota. K, K, 

P, 7> Gntnina. A, X, 

A, hy DoUa* 

h), c, IJpBilon, N, v, 

Zata. Hj 

III O) Oj 

(?)> •V, Theta. IT, tt cj, 


ALPHABET. 



Nnmo. 

Lottera, 

Ntimo, 

Iota, 

P> P S) 

Rho. 

Kappa. 

S, 0- s, 

Sigma. 

Lambda. 

T, T, 

Tan. 

Mil, 

Y, V, 

Upsilon, 

Nu. 

<5, (j,y 

Phi. 

Xi, 

X, X. 

Chi. 

Omicron, 

>!>> 

Psi. 

Pi. 

n, 0), 

Omega. 


AIISOELLANlilOUS SYMBOLS. 


6 y Conjunction. 

□ , Qinulrainro. 

(? , OppoHilion. 

SI , Awconding Node. 
?5 i^)o8conding Node. 


A.R., or a, Right Ascension. 
3 )gcI., or S, Declination. 

X, Longitude (Celestial). 

/?, Latitude (Celestial), 

(jyy Latitude (Terrestrial). 


wy Anglo hohvoen line of nodes and line of apsides, 
()bli(|nity of the ecliptic, 


Also 


DlMiONSIONS OF THE TERRESTRIAL SPHEROID. 
(AecciMliLig to Clnvko's Spheroid of 1878, 'For the spheroid of 1800, see Art. 140.) 

Equiilorial Bumidiameter, — 

20 ()2(> 202 feet == 3003.296 miles - 6 378 190 metres. 

Puhir Htunidiiunetor, — 

20 895 feet 3940,790 miles c=; 6 366 466 metres. 

lOUlptielty, or Polar Compression, 

lAnigtli (in metres) of 1“ of meridian in lat. ^= 111 132.09 — 556.05 
COH 2</> + (3oh4(/>. 

Lciigtli (in metros) of 1° of parallel, in lat. ^ = 111415.10 cost/^ — 
0d.64ous3c/j. 



.628 


A^riUt^DTX. 


of Ifit. at pole = 111 691). a nioti’cs = 69.407 niilea. 

1° of lat. at equator = lit) 067.2 ii)otreK = GB.704 luiioH. 

TIiqhc fonmilie corroapoiicl to tlio CInrko Sphoroiil of 1H66, UHctl hy 
tlic U.S. Coa^lt and Glcodotio Survey. 


TIME CONSTANTS. 

The aklerea! clay 23^ 66'“ 4^090 of mean BolJir time. 

The mean solar day 24^ S'” 66", 666 of Hklercul time. 

To reduce a time-intoj'val expressed In units of Holar lime ki, 
unita ofsklereal tlme^ multiply by 1.00273701 ; Ix)g. of 0.00273791 
= [7.4974191]. 

To reduce a tlmo-iiUorval ex[)res8cd in units of HUlomd livio to 
imita of mean solar time, multiply by 0.99720967 = (1 — 0.002730411) ; 
Log. 0.00279048= [7,4362310], 

Tropical year (Leverrier, reduced to 1900), 306*^ TP' 48”' 4r)Vr)l, 

Sidereal year “ “ 30r» 6 1) 8,97. 

Anomalistic year 366 0 13 48.09, 

Moan synodical month (now moon to now)» 29^^ 12^ 44”' 2'. 084. 
Sidereal month, . . , , , 27 7 43 11.646. 

Tropical ]nonth (equinox to equinox), .27 7 43 4,68. 

Anomalistic month (perigee to porigeo), , 27 13 18 37.44. 
Nodical month (node to nodo), . . , 27 6 6 36.81. 


Obliquity of thoecliptlo(LGverrlcr), 2)r27'08''.O — ()'\4767{i— 1900). 
Constant of precession (Struve), 60".204 + 0". 000227 (i— 1900). 
Constant of nutation (Peters), . 9'^223♦ 

Constant of aberration (Nyr6ii), 20^^492. 
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1 4.0A 

186;000 
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It «4 

ti 

0.34 

238000 

2 17 41 0.0 

ft 
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(I 41 
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4 13 20 n.o 
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1071 
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TABLE in. — PERIODIC COKETS WHICH HAVE BEEN OBSERVED AT MOKE THAN GKE PERIHELION PASSAGE. 
FROM THE ANNUAIRE DU BUREAU DES LONGITUDES, 1868. 
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TABLE IV _ STELLAR PARALLAX 


'I'lieatai plmDs niu only npi>io\iinntt, — aiifflcloiit morolj foi 1U( ntmctitioii The pnrnllayca 
aic moally fiom lIon/cau’a“Vn(iQ Mociimi" but a few tiro inclmletl fioin Jnlni nuihoiUlea 


Nam> nv Btah 

'U 

Appiox rJu 
(1000) 

L 

Aiithoritj 

I>nto 

Ifctliod 

i 

S 

a; cj 

y 



5 


a 

5 





2 

£ 

H 

1 

fi (^iHHl0]10l(0 


Ob 

im 

t- 5S 

30' 

Pi itcliurd 

18S7 

Pboioiriaphv 

0 ' 137 

17 4 


(IrDombildgo 'll, 

8 

0 

12 

h 43 

20 

Auwcig 

m^i 

ACli (Jjitlc 

0 207 

10 0 

J 

Tj {'nsfllopLloi 

4 

0 

13 

t 67 

17 

0 

18^)0 

^nciomclei 

0 164 

21 3 

4 

fA ('(IBSlOpLllC 

6 5 

1 

1 

t 64 

20 

0 HtniMi 

1850 

Tilk lonictd 

0 442 

0 5) 




22 



PUtuhm (1 

1887 

l^iiologiupli^ 
kCci I'hck 

0 0 40 

00 0 i 

Q 

1‘olniiH 

2 

1 

83 

40 

Pole IB 

1810^17 

0 073 

117 i 





10 

- n 


PiltUiiuil 

1887 

Pliologi iiiln 

U 0)2 

92 7 ! 

0 

G ICildaiil 

1 1 

3 

27 

Klkln 

1882 

Hclloinetii 

0 143 

22 8' 

7 

Ogl'ildmii e 

1 1 

4 

11 

-- 7 

Jfl 

Gill 

1882 

lUUometti 
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ntil) 

1861 

Arioronietei 
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14 9 
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TABLFi VI. --THE PRINCIPAL VAUIABLE STAKS. 

A BGlecllon fmin B. 0. Olimuller’s ontnloguo of 225 vtirlftbics (AstronowIcBl Journfll, 
iS88), contatntng rb avo vialhlo to tbo iiak€iloya, Jmvo a rniigoof variation exceeding lialf 
iv inagnilude, ami can be Been In ti\Q United States. 


J 

i 



Place, 

1000. 


1 

Uniigo of 
Varlallon, 

Period (days). 

Komarkfl. 

a 

S 

1 

TCell , . . 

Oh 

lOni.7 

-20’ 

37' 

5.1 to 7 

05 ± 

TrregiiltU'. 

2 

11 Antlromedftj 

0 

18.8 

+ 38 

1 

5.0 

13 

4U,2 


;i 

11 HoulptorlB . 


22.4 

-83 

4 

5.8 

7.8 

207 

{ a [hut. Vavla. 

4 

0 Cotl , . . 

2 

14.3 

- 3 

20 

1.7 

0.5 

331.3303 

} tleuB in lenglli 

5 

p PorHol , , , 

2 

58.7 

4’ 38 

27 

3.4 

4,2 

33 

(of period, 

(1 

ft PerBcl . . . 

3 

1.0 

■(*40 

31 

2.3 

3.r> 

2d 20li 48i« 563.-13 

\ yttf/oh Vorlo'd 
Inow Hiioi'tontiig. 

7 

A U’mirl , . . 

a 

05.1 

■1* 12 

12 

3.4 

4.2 

3d 22U 52rrt IQi 

1 Aiw<d tyiM*, bnt 

8 

i A\irlga) , , 

4 

54.8 

*(* 43 

41 

3 

4.5 

Irvogular 

i irregidnr. 

U 

a Ovionia , . 

5 

49.7 

4* 7 

23 

1 

1,0 

loa? 

Trrcgiiinr, 

10 

>} Gumiiionmi . 

6 

8.8 

•1-22 

32 

3.2 

4.2 

220.1 


It 

$ Uomhiornm . 

0 

08.2 

■h20 

.13 

3.7 

4.5 

lOd 3U 41ai 30a 


12 

U Onnlft KfJ. ♦ 

7 

14.0 

.^10 

12 

5,0 

0.7 

Id 3U lorn 5fis 

Algol typo. 

la 

IlLconla Mliu 

0 

39.0 

■I* 34 

58 

0 

13 

373.5 

Purled Bhovt'lng. 

14 

lllieuniB t . 

0 

42.2 

■Ml 

54 

5,2 

10 

312.87 


If) 

UlTydVft) . . 

10 

32.0 

-12 

52 

4.5 

0,3 

104.05 


Id 

R Ur«rol^rnJ. , 

10 

37.0 

I- 09 

18 

0.0 

13.2 

305,4 

Period eliorPliig. 

17 

Ullydi'to . . 

13 

24,2 

-22 

40 

:t.5 

0,7 

400,01 

Pm'loclsiiovPlng, 

18 

H Vli’glniH . . 

13 

27.8 

™ 0 

41 

A7 

12.5 

370,0 


10 

H Uootifi , . 

14 

32.8 

•|.27 

in 

5.G 

12.2 

228.0 


20 

Sliilnw , . . 

14 

55.0 

- 8 

7 

5.0 

0,2 

2d 7li51in22a.R 

Algol type. 

21 

H Toronto , . 

15 

17,3 

•itu 

44 

Q.O 

12,5 

300.57 


22 

Il Coromu , ^ 

15 

44.4 

.(■28 

28 

5.8 

13 

Irrogulai' 


2!i 

U Boi'pontiB 

15 

4(5,1 

•1*15 

20 

5,0 

13 

357.0 


2-1 

ft lIormdiB . . 

IT 

10.1 

-M4 

30 

3,1 

3.0 

Twooi’tlirooinon 

v^/ry Jrrog, 

2a 

u (iiddiiciii : 

17 

ll.D 

b 1 

IQ 

0,0 

5.7 

20h 7n» 41t.O 

1 

1 

20 

XHuglttnrit J 

17 

41.3 

-2T 

4S 

4 

0 

7.01185. 


27 

WSaglUai'il , 

17 

58.0 

-29 

35 

5 

5.5 

7.50445 


28 

Y HaglUarll . 

IS 

in.fi 

-18 

54 

5.8 

0.0 

5.70000 

1 

211 

H Boiitl . . . 

18 

42,1 

- 0 

40 

4.7 

» 

71.15 

( Becondiivy mini* 

an 

ftl>ym . . , 

18 

40.4 

•i- 33 

15 

3.4 

4.5 

12d 2Ui 40m Qgs.a 

j main about mid- 

ai 

U (lygnl . . . 

10 

34.1 

•!*49 

58 ' 

5.0 

13 

425.7 

( way. 

\V2 

tJygid * ► « 

111 

40.7 

•(• 32 

40 

4.0 

13.5 

400.015 

Period long 111 'ing 

n:i 1 

i| AfinlUo . , 

10 

47,4 

1- 0 

45 

3.5 

4.7 

7d 4h 14in Oa.O 


at 

B BiiftlUaj . . 

10 

51.4 

4*10 

23 

5.0 

0.4 

8d Oil 11311 


05 1 

X Oyghl . . . 

20 

39.5 

•(• 35 

IS 1 

0.4 

7,7 

16<1 lib 24W 

1 ^rinfmdin nut 
{ const ant. 

ao 

T Vnlpeonlio . 

20 

47.2 

4*27 

52 

5,5 

0.5 1 

4d lou zm 


37 ' 

*V ' » 

21 

8.2 

4-08 

0 

5.0 

0.0 

383,20 


38 

fx ( Jopliel , . 

21 

40.4 

.(• 58 

19 

4 

5 ' 

432? 


30 

5 (.’upliel . . 

22 

25.4 

•('57 

54 

3.7 

4.0 

Od 8h 47 «« 399-07 


40 

ft PegnBl , . , 

22 

OB.U 

•(■27 

32 

2.2 

2.7 

Ivrogulai* 


41 

H Afinarll . , 

23 

38.0 

-1,5 

50 

5,8 

11 

387.10 


42 

H OaBHlopelto . 

23 

03.3 

4-50 

50 

4.8 

12 

429,00 
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A. 

Aberration of liglit, amuial, 01), 22^1-220 j 
iiscil to doioi'mino tlio Hohir parallax, 
<ilV2 \ il i urn al , 220* ; sphoriaal and chro- 
nmtlo» JUK 

AnoDL Weva, cllRCovoror of tlio lunar 
vurl(illon*dfi7. 

Absolute Hoiilo of stellar inagnltndo, 810* 
Aoooloratlon of Kiioke's comet, 710; of 
Wiimeeke’s eomet, 711; of tho sun’s 
(iqimtor, 2HJ1~2H5; secular, of moon’s 
mean mollon, dfilMOl; scctilar, of 
monirs mean motion ns affected by 
luetenrs, 77H* 

Aclu’oinatlo obJec.b-glasBOS for telescopes, 
41 . 

Aotinoinotor of AMollo, 341. 

Adams, »1. 0., Iho discovery of Neptune, 
1151; invoflti gallon of tlio orbit of the 
Leonids, 785. 

Adjustments of Ibe transit Instrumoiit, 

m. 

Aorolltos, fleo Moteorltos, 

Ago, relative, of the planets, 913,916; of 
tho solar systom, 922; of the sun, 369, 
Alr-ourrouts at high olovatlons, 773, noic, 
Amy, 11. B.» density of tho earth, 1(50, 
Albedo dohiied and determined, 64ft; of 
.lnpltor,ftl4; of Mars, 683; of Mercury, 
RRH; of the Moon, 269; of Koptimo, 
(iftO; of fiaturn, (1513; of Uranus, 348; 
of Venus, 672. 

Algol, or /3 Persol, 848, 

Almagest of Ptolemy, 600, 700, 795. 
Almuoantar doftned, 12. 

Altitude dellned, 21; parallels of, 12; of 
polo equals latltnde, 30; of siin, how 
nioaHiirod with sextant, 77. 

Altitude and azimuth Instrumout, 71, 
Amplitude defined, 22, 

Andromeda, tho nolmla in, 880; tempo- 
rary star 111 the nebula of, 816. 


Androinedes, the, 780, 7S4, 78ft, 

Angle, posUioii, of a douhlc star, 838; of 
the vertical, 16ft. 

Angular and linear diineusicms, 5; veloc- 
ity iindor central force, its law, 40H, 
400, 

Animal equation of the moon’s motion, 
468; motion of tho sun, 172, 173. 

Ammlar eclipse, 382; nolmla in hvra, 

888 . 

Anomalistic mouth, the, 397, note; revo- 
lution of tho 1110011,260; year defined, 
213, 

Anomaly defined , mean and true , 189. 

Apertures, liinitiug, in photometry, H25, 

Apex of tlio auu’a way, 805. 

Apparition, perpetual, clrclo of, 33. 

Apsides, line of, defined, 183; its revolu- 
tion in case of tho earth’s orbit, 199; 
Its rovoliitlou in ease of the moon’s 
orbit, 454; Us revolution in case of the 
planets’ orbits, 627. 

Aro of merkliau, how measured, 147. 

Areal or areolar velocity, law of, under 
central force, 402-403. 

Areas, equable description of, in earth’s 
orbit, 18G, 18T. 

AiiaEiiANUBn, his Durchinvsuntny md 
zones, 795, 833 ; his star magnitudes, 
817, 833. 

Argus, >J, 841. 

Ariel, tho inner satellite of Uranus, 060. 

Arles, first of, 17. 

Aiustarchcs, method of determining the 
sun’s distanee, 333, 370. 

Artificial horizon, the, 78, 

Ashes of meteors, 7T6. 

Aspects of planets defined by diagram, 
494, 

Asteroids, the, or minor plapcts, 692-(U)l , 
theories as to their origin, O®0. 

Astreea, tho fifth asteroid, discovered by 
Hoiiche, 693. 
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Aatro-PhyslCB deidnad, 2, 

AtlasBB of the fltAtfi, 7j)3. 

Atmosphere of tbo moou, 255-2C7; of 
Voiuts, B73; height of tho earth’s, 1)8. 

Attraction, intensity of t he solar, on the 
earth, 430; within a hollow aphoro, 
100; of unlveraal gravitation, 101, 102. 

Axlfl of the earth, Its direction, 14 ; of the 
earth, disturbed by precosslon, 200 ; of 
the sun, its direotlon, 282. 

Aidmuth defined, 22; determination of, 
127 ; method of reckoning, 22; of tran- 
sit Instrument, its adjustment, GO. 

Bailt, determination of tho density of 
the earth, 106 . 

Balance, cominon, used in determining 
the density of the earth, 170; torfllon, 
used in determining tho density of tho 
earth, 1G5. 

Barometer, changes of, aifeotiug atmos- 
pherlc refraction, 91 ; effect on height 
of the tides, 480. 

Barometrlo error of a clock and Its com- 
pensation, 52. 

Beginning of the day, 128; of the year, 

222 , 

Benzenbkrq, eiperiraents on the devia- 
tion of falling bodies, 138. 

Bessel, the parallax of 01 Cygui, 809, 811 ; 
fonnatloii of comets’ tails, 728; his 
"zones,” 795. 

Bikla’s comet, 744-746. 

Blelldfl, the, 740, 780, 784, 780. 

Blelld meteorite, Mazapil, 784. 

Binajy atarg, 872-875; number known at 
present, 872; thelc mosses, 877, 878; 
their "mass-brightness/' 870; their 
orbits, 878-877. 

BlBsertlle year, explanation of torin,210. 

Black Drop, the, at a transit of Veniw, 
081. 

Bode'b law, 488, 480. 

Bolidea, or detonating meteors, 708. 

Bolometer, the, of Langley, 813. 

Bond, G. P., first photograph of a double 
star, 868. 

Bond, W. C., discovery of Hyperion, 043; 
of Satnm's dusky ring, 03T. 

Boyle, law of, 300, note, ' 

Brahe, Tycho. ^ Tycho. 

Beedichtn, his theory of comets’ tails, 
731, 732. 

Brightngpa of oomots, 609 ; of planets in 
various posUions, Mercury, 561; Ye- 
niia, 603, 608; ifars, 679; AeteroldH, 
336, 600; Jupiter, 010; Satnm, 082; 


Uranus, 047 ; Ncptiino, IMK); of mi oh' 
ject ill tho loloscopo, ;W; of Khiuitiiig 
stars, 773; of starn, crumoH of tlio dlf- 
foroiice la this respect, 8JiO; of hMuh, 
Its nioafluvoiTieiit, 828-H31, 

C. 

Calendar, tho, 217-22:i. 

OalllBto, the outer sutolllto of JupUnr, 
021, 027. 

OalorleB of difforent magnltndo, !h’hS, vHih' 
Candle powor, its nicclmalcal (Hiiilviilaiil, 
770; powor of auullghi, 383, 3311, 
Candle ataudartl, 38Ji, jiota. 

Capture theory of coinots, 740, 

Cardinal poinhs defined, 20. 

Oarltni, oartl/s doiinlty, lOH. 
Carrinoton, law of tho hum’s roliiilDiij 
283, 284. 

CAasRonAiNiAN teloscopo, 48. 

Cassini, J. D., dlHCovory of Llio dlvlHloii 
In Saturn's ring, 037; dincovtiry ol 
four satolHtas of Saturn, 043. 
Catalogues of Blnrs, 796. 

Cavhndihh, tho toiHlou halanco, ICO, 
Oelesttal latitude and longitude, 17H, 179; 

sphere, conceptions of it, 4. 

Oenifl, Mt., do Uwml nation of llio onrlli's 
density, 108. 

Central force, niotion under it, lOO'dlO; 
force, its moasuro in case of <;Iroulni' 
motion, 411. 

Central suns, HOT, 003. 

Centrifugal force of tho eartli'n rotation, 
164. 

OereB, discovery of, 592, 

Chandler, 8. C., catalogue of vfivlahlit 
stars, 852, Apiiendix, Table YI, 
ObangBS on tbo muon’K Hiirfuoo, hi 
the uobnlra, 892, 

OharaoteriBtloB of dlfforent inoluoito 
Hwarms, 783, 

Charts of tho Htars, 798. 

Chemical olomontB recognlzwl in aoniolH, 
724,726; oleiuonts recognized in 
860; olenionta rocognlzwl In tho huh, 
316-317. 

Ohromatio aberration of a lens, 89. 
Chromosphere, tho, 21)1, 322, 803, 
Chronograph, the, 50. 

Chronometer, the, 54; longitude by, l‘2i 
[A]. 

Oirolo, the mopldlan, 03. 

Cirolea of perpetual apparition aiul oo- 
onltatloD, 83, 

Oiroular motion, central force In, 411, 
Clair Aur'fl equation couoornlDt^ the 
elllptlclty of tho earth, 155. 
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Ur/AiiKB, Coil., diinonslons of tho oarth, 
140 and Appendix, 

OlaaBliloation of stollnr spectra, 857, 858. 

(JjiicUKic, Mihs a, M., her history of as- 
tro iitnny, rrotaeo, 570J 020, notCt 72S, 
74(5, t)00. 

OLooIcb, Moral rotnarka ow, GO, 

Olook-Tiroaka (cloctrlc), C7, 

fllock-error, or coiTcction, and rate, G3; 
or cori'or.tlon clotornilncd by transit 
liiHLrnmont, 50, 

OluatovB of stars, 888-885. 

(]niiuiAM Coin Ob, 780. 

Oolli mating oyc-piccc, 07. 

Oollimatlon (d transit instrmnont, 60. 

OoUlniator, tho, usodwith transit iiistru- 
inont, 60; of a apcotroscopo, 811. 

Oolllaloii Uieory of variahlo stars, 8C0. 

Oolora of slars In photomotry, 880 j of 
ilonblo stars, 867. 

Oolurea doOiied, 25, 

Ooiiiot, ]Jli)la*H, 7M; Donatl’s, 727,' 780, 
7(17 ; ICnoko's, 710, 748; groat, of 1882, 
748-752; llalloy’s, 742; 'Wiimcclco'a, 
711, 

OomotB, aceoloratloii of Enoko's and Win- 
iinckc'H, 710, 711; bviglitnoss of, 690, 
728; oaptnro theory of, 740; ehomicai 
olmnontH in, 724, 725; constituent parts, 
718; coiitrm'.tlon of head when near tho 
HUH, 715) danger from, 758,754; don- 
nll.y of, 720; designation of, (597; di- 
luoiiHloUH of, 714, 717 ; ojootlon tlioory, 
741; full upon earth or sun, probable 
ofXoot, 751 j groups of, with similar 
orbits, 705; their light, 721; thoir 
nmsKos, 718, 711); and meteors, thoir 
imnneolloii, 785-787; nature of, 737; 
tlU5ir orbits, 700-709; origin of, 738- 
741; pevilielUt, distribution of, 706; 
jiiiysieal eliaruotorlstlos, 712; plane- 
tary families of, 789; thoir Bpcctra, 
721, 726; superstitions regarding thorn, 
695 ; tlieir tails or trains, 713, 717, 728- 
7:5d I variations in brightness, 723 ; vis- 
ItovH in tho solar system, 709, 
Oompariflou of starllghb with sunlight, 
H!14, 832. 

Oompoiittatlon pondulums, 51. 
Oompousatlon of peiKlulum for barome- 
trio changes, 52. 

Components of tho dlsturhlng force, 446, 
Co- ordinates, aBironowioal, 20. 

IjciMMoN, A. A„ photographs of nohulro, 
Hil8. 

Oonlon, tho, 422, 423. 

Oolinootlon between comets and meteors, 
7HG-787. 


Constant of aberration, tho, 225; tho so- 
\h, 338-340. 

Constancy, secular, of tho mean distances 
and periods of tho planota, 620, 
Oonstellationa, list of, 702; their origin. 

791. * 

Contact obsorvntions, transit of Von us 
679-G82. 

Contraction theory of solar heat, JiGO, 
Conversion of R. A. and Decl. to latitude 
and longitude, 180, 

CopjouNicus, his system, 603; “Trluin- 
pliaii8,’'809. 

Cornu, dotovmlnntioji of tho earth*a den- 
sity, 166; photometric ohservation of 
eclipses of Jupiter*s satellites, OSO. 
Corona, tho solar, 291, 327-831, 364, 
Cosmogony, 905-917, 

Ootldal linos, 475. 

Craters on the moon, 265-267. 

Cri5\v, H,, spectroscopic observations of 
tho sun’s rotation, 285, note, 

Crust of inoieorites, T61, 

Curvature of comet’s tails, 729. 
Curvilinear motion tho effect of force, 401. 
Cycle, tliamctouic., 218, 

Cyolones as proofs of the earth’s rotation, 
143, 


n* 

DAiiTON.hislawof gaseous mixtures, 360, 
note. 

Danger from comets, 753, 764, 

Darkening of tho siin’s limb. 337. 

Darwin, (x. H,. rigidity of the earth, 171 1 
tidal evolution, 484, 916. 

Dawes, diameter of the spurious discs 
of stars, 43; nucleoli in siiti spots, 293. 

Day, tho civil and the astronomical, 117 ; 
effect of tidal friction upon its length, 
4C1; oliaugos in Its length, 144; wlieio 
it begins, 123. 

Declination defined, 23; parallels of, 23 ; 
dotormiiied with tho meridian elrelc. 


128. 

Degree of tho inorldlan, how’ measured, 
135, 147. ^ 

Deimpa, tho outer satellito of Mars, 590, 


691. 

DiOTiisi^E, method of determining the so- 
lar parallax, 082. 

Dennino, drawings of Jupiter’s red spot, 


018. , 
Density of comets, 720; of the earth, cle- 
terminations of it, 164-170; of tlio 
moon, 246 ; of d planet, hoyf deter- 
mlned, 640 ; of the sun, 279. 
Detonating meteors, or ” Bolides, 70», 
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Development ol sun spota^ 207. 

OburniBalGi motoorlte, ioo-contod, 7Gfl, 

Diameter (apparent) rs related to dla- 
tanoo, 6; o( a planet, liow monsurod, 
C3i. 

BifferentlQl method of dotorniliiing a 
bo(ly*fl place, 129 j method of dotor- 
inlnlng stellar parallax, 811. 

‘Diffraction of nn obJeot-glaRfl, 48. 

Dlone, fourth Bfttollitoof ftfttiu“n,040, nota. 

Dip of tho horizon, 81. 

Difio, Bpni-loiiH, of stars In tolosoopo, .48. 

Blflooyery ol coraote, 008. 

Dlflfllpatton of energy, 020. 

Dlfitanoe of tho mopii, 280 ; of the tiobii- 
Iro, 890; and parallax, relation bo- 
tween, of a planet In astronoinl- 
col units, how determined, 610-018 ; ol 
the stars, 808-815} of tho sun, 274, 
275. also OImp. XVL 

Dtstlnotnesa of toloacoplo Imago, its con- 
ditions, 80. 

Distribution of tho nebnlro, 805; of tho 
stars, 890; of tho sun spots, BOl. 

Disturbing force, the, 43iM44} force, 
diagram of, 441; force, its ^osolutloji 
into components, 440. 

Diurnal aherrablon, 220*; Inequality ol 
the tides, 471 ; parallax, 82, 8(1 ; phe- 
nomena in various latUudoB, 101, 

Dlvifllons of Astronomy, 2. 

DoBRrBL proves that a comet moyes In a 
parabola, 700. 

Donati»8 comet, 727, 7S0, 747. 

Dopplbr's priuolplo, 821, nofo. 

Double stars, 8GG-879; their oolora, 807} 
criterion for distinguishing botwoon 
those optically and physically double, 
870; method of moASurlng thorn, 808; 
optically and physically doublo, 801); 
having orbital motion, boo Binary 
Stars. 

Drapeh, H., oxygen in tho snn, 310 ; pho- 
tograph of tho nebula In Orion, 893; 
photography of stellar spectra, 850; 
momotial, the, 850. 

Duration, fnture, of tho sun, 358; of aun 
spots, 300. 

B}. 

Barth, the, her amniol motion proved by 
aberration and atollar parallax, 174 j 
approximate dimensions, how mons- 
ured, 184, 135 ; constitution of Its in- 
terior, 171; Its dlmensloiiB, Appendix 
and 145 ; its (limonalona determined go- 
^otically, 147-149; form of, from pon- 
dnluni experiments, 152-155; growth 


of, by aoooseion of nudnoihj iiniUur, 
777} mnsH coniparcd with Hint ot (ho 
flun, 278; Its jmusH uml dmmlly, 1511- 
170; Ua orbit, form of, doloviulin d, 
182 j prluoli>al laota rolailiig to It, ML!; 
proofs of llH rotation, l:iS-M;i. 

Earlh shino on tho imion, 25^1. 

Eooentrlolty of tho earth's orlilt., illHt-nv. 
ored by rilpparcliuH, 181; of (lu»oiirMiV 
orbit, Imw dotorinliicdi 185; of \]u> 
earth*« orbit, Hmdar rhmj};o of, llWj 
of mi ollipso (loilnod, 183, hiKI. 

BoUpsea, dumilon of liiikiiv, ;I7:1; ilurn- 
tion of Holar, 585; niiinhor In n ynir, 
891-111)3; reouvroium <d, tho siiron, 
of Jupltor’H HutolllMH, (127-(i:iOj of flio 
moon, n70-4i78i of llio huh, :i7ti 3!i); 
total, of tho Hun, m allowing tim Kulnr 
atiiuwplioro and corona, 3Hi, iWiW. 

Eoliptlo, tlio, dollnod, 175} oblliiulty of, 
170} llinlls, Imiar, !i74>075; HidIim, mi. 
lar, 380. 

Effootlvo tomporaturo of lliomiii, ;b“il. 

Ejection lluHiryof coiiioIh anil iMoiF'<n‘M, 
741. 

Elbowed cquulorlal, Uio, 7-1, 

EleotrioalroglHlrmloii of ol>Horviill<niii,50. 

ElectrO'dynaiulo Hioory <if gnivldillon, 
fl03. 

Elemontfl, ohomlcal, not Indy idmiu'ii* 
tary, 018; chmnloiil, rcivjgiilzod In 
comotfl, 724, 725 } ohmiiioul, rm'ogiiI>'i'il 
In stars, 85(1; elmmUuil, nutogni/ml in 
sun, 310,817} of u pliinol’A orldl, fidri ^ 
608. 

Elkjn, stellar parullaxoH, 808, HI I, hitp, 
and Apj)oiidl.x, Tnhlo IV. 

BllipaedonniHl, 183; dcHin llKid nn \i iMidr, 
422, 428. 

Elliptic oomola, Ihoir iiiiiiihcr,?^^^ ; [Mr 
orbilR, 70;i; reeogrilLloii of, 701. 

EUlptiolty or ohlalmnjHH of a nlinno do* 
lined, 150. 

Elongation of moon or I ilannLdidliuMl. 2 : WK 

Euooladufl, the seiiond HatoUlle of Hut nv n , 
(H3, jiofc. 

Knokr’h comet, 710, 743, 

ISnokh, his rmliicllon of the tnnisll«< of 
yonuB, IHJ7. 

Energy, tliod!BHipaUonoM)25; and worb 

of solar radiation, ;H5. 

Enlargement, apparent, of IiolHoh 
horizon, 4 , nofc, HH, 9.3, 

^velopoa In tho hnud of a oonmL, 7 1 :i, 7',!7. 

Epoch of ft plunot'8 orbit doilimd, rm, 

Epsilon Lynn, 053, m\, HH2, 

Equal, nltltudos, dotorininatlon of tiiiio. 
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Equation, tuiimal, o( iiiooii’a motion, 
uf tlio i*t3ntro, 181) j o£ Iho equinoxes, 
o£ ^jy menus o£ Jupiter’s 

HiitolUtes, (k28'Ji!lO; of tinio oxplnlnctl, 
expresshij^ tlio relation be- 
i.wisen Urn of ilifforent stellar 
nmKiilUnles, H20. 

Equator, llin eiJestiul, l(i. 

Equatorial inuit Jo ration of tho sun's ro- 
luiion, ; couck^ Paris , 74 ; par- 

iillax, Hrt; lolcseopo, 72 ; toleseopo used 
lu ilotortnlno the plnoo of a heavenly 
bntiy, 12‘1. 

Equinootial, ilio, see Equator, celestial; 

pi lints, or o(|uinoxes, 17. 

Equiiioxoa, llin, equation of, 213; preces- 
sion of, 20^-212. 

I*.u A‘j‘os'i’ 1 ! KNics, his measure of the oartii, 

Erootlug eyispl(M!o for tolosoopc, 

^■‘llM;HsoN, his solar engine, iWr>; oxperi- 
nienl upon radiation of niolton iron, 
lint). 

Ei’iiptlvo promlnonees, 323. 

Efioapomont of eloelc, 30, 

EHtabliehmont of a port (harbor) de- 
li iicd, ‘103. 

Eiiropa, il«3 senoiid satellite ol Jupiter, 021 , 
KvGOtioil, the, ‘130. 

Evolution, tidal, -IHl, iUO, 

Kyo -piocofl, ieleseopic., '14. 

Extinotioiifl, tlm inolhod of, in photome- 
try, 323. 

Paoulpa, Holav, 2b2, 

Tall of a planet toilicsim, time required, 

•113, 3; of a comet on tho sun, proba- 
Ido oiYuet, 734, 

falling iiodloH, eastward devlatiou, 138. 
Eamilioa (piamdary) at comets, 732. 

KayI'J, H. An hiH modification of tho neb- 
ular iiypolliesis, 915; theory of sun 
MtJOtH, 391 . 

riattoning, apparent, of the celestial 
spliere, 4. vMo, 

Torco, eivUleneetl not by motion, but by 
rhuntfii of motion, 400; projeetllo, 
tertii carelessly used, 401; central, mo- 
l.idU under It, 400-110; ropulsivo, action 
(111 ('oinets, 728-733. 

Torm of the earth, 143-135, 
ronnation of comets* tails, 728. 

tho gy rosiajpo, showing earth a 
rotation, 142; his pendulum experi- 
ment, showing earth’s rotation, 139- 
Ml 1 mcasii res velocity of light, 090. 
Pour toon hundred and sovonty-f our lino 
of tho Kpoclrum of tho corona, 320, 


FnAUNHoFJiii linos in the solarspeotnimi 
315,865; observations on stellar spec- 
tra, 85.1. 

Free wave, velocity of, 473- 
Erequonoy, relative, of solar and 
eclipses, 394. 

o. 

Galaxy, tho, 898. 

Galii.ko, discovery of Jupitor’a sat 
cllites, t)21; discovery of Saturn’s 
rings, 337; discovery of phases of 
Venus, 5I>7 ; use of pendulum in time, 
keeping, 50. 

Gallic, optical discovery of Neptune, 
(154. 

Ganymede, tho third satellite of Jupiter, 
(>21. 

Gas contracting by loss of beat, Lane’s 
law, 35T. 

Gauss, computes tho orbit of Ceres, 692 ; 
dotovininatloii of the oloinenta of an 
orhit, 619; peculiar form of achromu- 
tic object-glass, 41. 

Gay Lussac, law of gaseous expansion, 
330, note. 

Geocentric liititiule, loti; place of a 
heavenly body, 611. 

Geodetic (letermination of tho earth’s 
diinonSioiis, 147, 149. 

Geneeis of the solar system, 908-913 ; of 
star clusters and nebulm, 924, 
Georgium Sidus, the origiiml name for 
Uranus, (115. 

GiLti, solar parallax from observations 
of Mar8,G7G; stellar parallaxes, 808. 
Ai}pendlx, Table IV, 

Globe, celestial, rectification of, 33, note. 
Gnomon, detorminatiou of latitude with 
it, 107 ; determination of the obliquity 
of tlio ecliptic, 176. 

Golden number, the, 218, 

Gradual changes in the light of tho stars, 
839. 

Graduation errors of a circle, 69. 

Grating dilTfactioii, 311, note. 
Gravitation, electro-dynamic, theory of, 
C02; law stated, 161; nature unknovvn. 
161; law extending to the stars, 872, 
?iofe.873, 901, note; Newton’s verifi- 
cation of tho law by means of tho 
moon’s motion, 419, 420. 

Gravitational astronomy defined, 2; 
methods of determining tlm solar par- 
allax, 68T-4589. 

Gravity, increase of, below the earin s 
surface, 169; variation of, between 
equator and pole, 162. 
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GRKaoniAN Cftlontlar, the, iiiul Il8 iwloii- 
tion in Engliiiul, 220,!iUJ ; t«l<!sc< 4 in, -IH. 

Groups, comoUu-y, 705; of stiirs having 
common motl(m, KO.’I, 

Growtli of the oartli by niotnorlo mull or, 
777. 

OyrOBOope, PoucauH*n proof of ourlli'H 
lOtRtlon, 142; llluatratlrif^ Urn .prucos- 
filon of tliQ (xiulnoxoH, 210, 211, 

H, 

Hall, A., (liscovory of Hio Halnlllton of 
Mars, 500; on ilia ([ucstlon wUullior 1 1 
l4 certain tliat I'mvIUttion oxioinis 
throQgh the alollar uhlvorHo,l!()l, no/r, 

Hat, LEY, Ilia coinot, T-IS ; bin cnnipnliilbni 
of comolary orbits, 700; Jils niiitl«ul 
of (lotormliiliig Iho HuirH pariilliix, 071), 
680; the moon’s accular iinsolomLlon, 
450; proper motionH of HlavH, HflO. 

H ARSEN ,C4>rrcoL1on of tiio solar jiiirullnx,. 
007 ; opinion on tlio form of tho mkhui, 
258. 

ITardinq cllKcovors rTuno, 51)11, 

HarknesSj obaorvatloiiH on tiui light of 
motoors, 770; observation of Lln» nor- 
oiia Bpoctniin, 021). 

Hormonio law, ICoplor’s, 412-^17. 

Hartou colllory,(loimltyot tho oarlb, UllK 

Harvard pliotomotry, iho, H2T, 82H. 

Harvest and hunter's iuoohh oxnlaliuHl, 
237, I • ► 

Heat and llglitof motoorBoxplaliiml, 7 ( 15 ; 
of the moon, 200; of tho snii, ; 

rocolved by tho oavtli from iiiotoors, 
855, 770; from tho ularH, 8lil. 

Height of lunar mountalnH, 270. 

Heis, onumoratlon of nake(l-4)yo slnrs, 8 1 H. 

Helfooentrio plaoo of a pi a not, 512. 

Heliometer, iho, 077, iisod hi dolorniin- 
ing solar parallax, 070, (JH;I| uhcO In 
dotomilnfng stollnr parallax, 811, 815. 

Hellosoopes, or solar oyo-pleooH, 280, 287. 

Helium, nn unidoutinRil nuital hi tho ho- 
lar ohromoaphoi'o, ,123, 

Helmholtz, contraetion thoijry of solar 
lieat, BOO, 

Hhnckh, (llacovors Astrrea, tho illih asio- 
rofd, m. 

Hkrdhrbor, moasiiroa tho parallax of 
a Centaurl, fiop, 8io. 

Henry Uroxubuh, astront)in1iial pho- 
tography, 708. 

Henry, Prof. J., hoat of biiu spots, 010 ; 
at sun’s limb, .S48, 

HERaorraL, Sir John, astroniolry, HU); 
illuatratlou pf tho planotury Bystoiii, 


Heuhc'III'.i,, S in W., (IlsnoYniy of 11m siin'ri 
iinn.liiri In K[)ni'o, 801 ; (IlsRoviuy of 1\v<i 
Hiitolllirs of .Siunni, lU!l; ills<'ov<ii’v ol 
Driimis, lilO; tilsisivi'iy of Iwfj niilol'' 
llhisof Urnims, OTiO; slnr-gaiup-H, HUP ; 
IIuhu'.v of mill spitls, ilOl! ; Ills rrlli'nlv 
lug Iclosropo, -IH. 

Ukveliuh, Ills vliuv of roinolnry orhllH, 
700. 

Ilii’i'AUoiiiiH, dba-iiVi'i's of 

onrlh's orbit , IHI ; illsi'iivoi's proiM'.'ifdiMu 
,205; his valiio of llm Holar para] lav. 
071 ; tho lli'Hl Hlar ciUiilngno, 705. 

lloi.DEN, E, S., on, oliiiiigos ill nohnlii*. 
811 * 2 . 

Horizon, n)i|mi‘oiii, onlargonimit of hoilii'H 
inmr 88, IKI; ai'llllidal, VH; 

ralloniil mi<i np|iai’i<iii ilollriiMl, lU; 
<ltp of, 81 ; visllilo, JoHimmI, 1 ]. 

Horizontal pnvnlln.v, 83, HI ; point of (ho 
nnU'liUnn i-lrrlo, 87. 

Hour anglo didlnml, 21. 

Hour-oirolo ilollinul, 18. 

llinmiNM, \V,, ntlouipts to plnitogruph 1 lo' 
solar ninma willioiii an nOlpso, hlVi; 
alloiiijiloil ohsiH'valinn nf sloliai' lioni, 
HIM; (diHorwiI Ions of slidlin* spoolin, 
8511; iiholoui'apliy of ntolhir sjioi'ti'U, 
851); Hjnu'lrosi'oplo oliHoi'yiillouM of ‘I’ 
coroiiin, Hll; nlar-motlojiH iti linn nf 
sight, 802, 

lluMnoLin', A. voN, idaKsUlcai loii of ilio 
plaiiidK, 5111. 

Hunt, StivUuv, oiirhonlo until hriMiglil U\ 
niirlh liy noniola, 735. 

I III YoHENH, illsiiovitiy iif Halnrn's rliiga. 
(1117; dlsnovory iif Huhivn'rt snlidllio, 
'ritan, Dill; Invoiitloii of llm ]iojnln1iiiM 
(dook, 511; hlH long lidoHi'opo, dD. 

Itydrogou in lhi» stdiir nliroinoHidmio iiinl 
pmmliimnum, ;t2li';i25; hrighi llinvi nf 
IlH spiudnuii 111 Iho iHdnilm,8lHi; bright 
linos of lls Hponirmii in Imnpoi'aiy 
stars, H-M ; bright linos of Its Hponiruiii 
111 vai'hihlo mars, H57, . 

Hyiiorholn, tho, ilosm-lliofl ilH a ooiilo, 
‘ 122 . 

HyporboUoianiioiH, 7i)2. 

llyporioii, ilio sovoiiihiiml Iasi dlHi'OVi'j'nl 
salidlUo of .Siiiiii-ii^ 813, fll 1. 

HypotliOBla, imlmhir. Hun Nobular hy. 
jkiUiohIh, 

1 . 

lapotUB, tho oiiLnnnoHt HUlolllloof Hiir- 
iirh,1H3. 

liiN iliJiiNirt, urt(i nf ponduliini In iihsorvu- 
tloii, fiU. 
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Igo, amount mnUcd by solar rafliatlon, i 
1WU« 

tliuiuluatlon of tlio moon’s diso dining 
a Iniiiii ot'lipso, iVTil 

Imago, ttdohcoplo, camlUionsof distluct- 

niissi 

Iuoq.uaUty, tUiuiml, ol tho tldoa, 471 
InloroiiooB dodm ildo fi om Koplor’s laws, 
1!K 

Inferior planet, motion of, 4*)7 
Infinity voloeUy fioin, 429 
lulluoiicos of llio moon on tbo caitli, 262 
Intra-Moraurial planets, 002-60ti, plan- 
itH,snppns(d obsoivattona of, dining 
solni col ipso, ti9^ 

Intel lor of Urn oaitli, its constitution, 
i7i 

Invariable piano of tUo solai system, 531 
Invai lability of llio eaith’8iotation,114 
lo, the !hst satolllto of Jupitoi,b21 
Iron molomltoH, 758 , in tliosnn, 315 
Iiiadlatiou lii mloiomotilc moaauros, 
25(1, m 

jr. 

iJANHsrN, iliHCovory of tho spectroscopic 
inoiUod of ohsoLving tho solai pioml- 
noiKCH, 3*23, holai pliotngiaphy, 289 
Jots iHsiilng fiom tbo niiUouB of a coinot, 
i\ 1 , 727 , 

.ft) I, FA, oliHOivaiioiis of tho oaith’s den- 

Hlly, ITfl 

Julian i alondai, 2l<) 

Juno, cUhoovoumI hy ITnrdlng, 593 
Jupiter, tlm planet, i>09-531, hiightnoss 
as HOcu fil^m Goutauii, 881} a soini- 

HUU, 0111. 

JK, 

Kan J I pioposos tho uohulai hypothesis, 

Kfi TjFUj his holioC as to comotaiy oihits, 
7()0, his tin 00 laws of planotaiy mo- 
tion, 412-U8, ills “piohlom,” 188, his 
logiilai solid ” tlicoiy of tho plaiiet- 

tuy distances, 502, nofc 
K riKjinioi^'ir, his futidamontal pilnclples 
of spectrum analysis, 311 


I ANonicY, S, P., bW Bolomotor, 343, the 
coloi ol llioBun. 337, obsorvaUoiiaon 
luimi’ lioal. 2(.0, 2G1, on soiai hoftfc.348, 
HUH Bpot diawitigs, 292, boat in sun 
Spots, 299 

BANK’S law, ilso of tomperatluo conso 
quoiit on tho contraction of a gaseous 
mass, 357. 


La Place, his equations i elating to tlia 
ecconttlcltics and inclinations of tho 
planetaiy oibUs, 632, explanation of 
tho moon’s seculai aLLclcratioii, 459, 
4G0, tho invaimhle jdane of tho solar 
system, 631, the nebular hjpothesH, 
901-911 

Lassell, difscovciy of tho two inner sat- 
ellites of Uranus, 050, independent 
discovery of Hypoilon, 04 ^ 

iatltiido (astionoinlcal) of a place on tho 
eaith s smfaco, 30, 100, lib , astronom- 
ical, geodetic, and geoLcntrsc, dis 
tingulshed, 15(j, determination of, 
methods used 101-107, at sea, itsde 
teimination, 103, posbihlo variations 
of it, lOH, station or 101 3, 158, celes- 
tial, defined, 178, 179, and longitude 
(celestial), convoision Into a and 6, 
180 

Law of angular velocity imdei central 
foice, 408, Bodo’s, 488,489, of Boyle 
Ol Mariotto, density of a gas, 3(>0, noh' , 
of Dalton, inixtiuo of gases, 300, ?iofc, 
of earth’s orbital motion, 186, 187, of 
equal areas 186, 402-406, 412 , of Gay 
Lussac, gaseous expansion, 3(.;0, notf * , 
of giavitatloii, 161, 162, 419, 872, 
Lane’s, of tempeiatiue in gaseous con- 
tiactlon, 357, of lineal velocity in 
angular motion, 407 

Laws of Keploi, 412-418, motion under a 
ceiitial foice, 400-411 
Leap year, rule for, 220 
Length, of the day, possible changes in it, 
144, of the year, its Invariability , 526, 
778 

Leonids, tho, 780, 786 
Lfso ARB AULT, siipposcd dlSCO^e^Y of 
Vulcan 603 

Level adjustment of tho transit instru- 
mont, 60 

lEVEREirR, discovery of Neptune, 65 h 
G54 , on ail Intia Mercurial planet, 603 , 
motion of tho perihelion of Mercury’s 
mbit, 602, method of determining tho 
solai parallax hy planetary perturba- 
tions, 689 

Lbxell’s comet, approach to Jnpiter, 
718, recognition of Uranus as a 
planet, 646 

Librations of tho moon, 249, 260, 2ol 
Light of comets, 722, of tho moon, 2o9, 
emitted by certain stars, 835, received 
by tlio earth from ceitnin stars, 83-, 
of tho Bun, 332-337 , totab of the Btars, 
833, equation of, fiom Jupiter s satel- 
lites, 628-030, mechanical equivalent 
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i)f, 'riu)JiiK(jii, 77<l‘i tlino (MnUTiiitid l>y, 
hi iionitiifi from iho Hiih> li75, vo- 
loclty (if, Wf 

Light-curves <if vuriiihle Hlai'H, tilH. 

Light -gathering puwor cf Ic 1 chi' 0 )m!,s, IlH* 

lAght-ratio, tUo, in Htialn of BLar-magnl- 
Liidca, Hit), 

Light-yoar, tUo, the unit of Htollav dlS' 
taniio, 814. 

Limb of Iho siiu, ilurkonlng of, 8Ji7j of 
tho Hun> (llintmitlon of liout, IHH. 

Limiting ainniums In HlntlarplioUnnolry, 

m. 

Linear and augnlap lilinmiHlonH, tholt re- 
lation, 0 ; Yidoiilly nndor coiU vnl foroo, 
its law, 407,101). 

Linii4> lunar emtor HUpiKisod to liavo 
(ilmngoil, tint), 

liiHTJNd, (llimoiHloiiH of Uio oavUi, 145. 

Local and Htumlavd tlnio, l‘i‘2, 

I(OOKY«u, J, N., (llnuDVory of Uic hi>oo- 
troBCOtilo method of oliHorvliig llio 
Holar promlnonnos, Ids "(ioIUhIou 
theory " of vhHablo starH, 850; vIowh 
ns to the romjHuiiid imhuo of Urn ho- 
ii\llod oliemiwd ** el onion Is, !UH; 
orli^ln of tiio hVaunhofcp llneM, 820; 
theory of huh hiioIh, fWKi; inainorhi 
thonvy of ho))ulin, 8iVJ ; inotnorlo liy- 
pollieslK, 020, 

Lokwy, poGnllai* iuoLIkkI of detonnlnlnir 
the rofraolioii, 05. 

Longitude, area of, Ln diUennlne llio 
cariirH tllnionslorjH, 151; (tnrroHtrial), 
dntonnlnation of, llH-121; (oelcHlial), 
178-18(1; uf iHU'lliuIluii, 505, 5011. 

Luminosity of liodles at low leniporii- 
CureH, 757, nofti. 

Lunar dinlancos, 120, !i; oellLwnH, 070- 
578; (iiduem :08 on liio earth, 202; 
moilwis of dotorinhihig the longitude, 
120 ; iMirtni'ImUouH, 448-101 ; perturba- 
tioiifl UHod to dotennlno the Holar par- 
allax', (187. 

Lyrra, a, nee Vega; B, varlnhlo Hiar, 817; 
i, qnadrnpio star, 050, 800, 8H2. 

III. 

MXdlkh. Hpwiilalloim as to a ooiilral 
sun, 807, OOH. 

Kagnifylug power of ji tolnseopo, 117; 
ixjwor, liighost avnllahlo, 411. 

Magnitudes of Htarn, 810-8!i!i. 

Magnitude of Himillcfib HtiirvlHlhlo In a 
given telosiiopo, 822. 

Magnesium In the iiobnlm, 800, 804. 

MaintonnuoB of the solar boat, fiOlt-iinO. 


Mars, I ho jdainU., 578-01)1; obnorvud for 
holar inirallax, 075-077, 

^lAHiCKfiVNi'i, his 1 noun tain mot In id of 
doleniiiiiliig the oai‘(h‘H domdty, 104, 

Maee and wolt;lit, dlaiinellon Imtwiien 
Uuuii, 151), 100; of iioinnUH, 718, 710; 
of tlio earth roniparnl with llie siiii, 
27H; <tf Mm earth In leniiH of Hie 
mill m deLiirniliiliig Hio Holar i>arulli\x, 
000; of llm innnn, tin (letenubuiHon, 
215; of a planet., hosv' fletei'inlneil.Olui. 
5^10} of Hie Him, coiiijiared with Hm 
earlli,27Hj jindnildo, of Hliootlng wlnrH, 
770, 

MasH-brightiioafl of hlnury niiirH, 870. 

MasBOB of hlnnry Hlara, H77, 878. 

Maykr, U., inet eorlo theory of tlio noliir 
bout, 'm. 

Maxwkjj., I'l.uiuc, iiieleorlo Hieory of 
Hatuni'n rings, (HI. 

MuKapll, the ineleovUn of, 781, 
Moohaiilcal mpilvulenlof llghtj 770. 

Mercury , the iihuiet, 551-/102, 

Mcronry's orbit, inoHon of ItH perihelion, 

002. 

Meridian, the eelesHul, doOnedj 10; are 
of, liiiw numsnred, J'17. 

Meridian- olrolo, the, 08; uned lo deiei- 
nilno the pliieo of a lieaveuly body, 
128. 

Morlrtlau phoLonieler, Hie, 828. 

Motoora and shooting hlarn, 755-787 ; nHliPS 
of, 775; and eonielH, llielr ('.oiiiieellon, 
785 -787; dally ntinilmroL77l; deioinit^ 
liig,708; effeet on Hm earlh'H tn'hllal 
iiKitlon, 778; efibet nisTli Iho moon's 
motion, 778; olTeet u)ioti tho IrniiM’ 
laireiiey of M]nie.e, 770; nxplimnlioii 
of Llielr llglil. and heat, 705; beat 
from Ihein, :155, 770; miigiilliule of, 
702; inellioil of observing lliem, 7iH; 
their Irulim, 7(1(1. 

Molooric growth of Hie earth, 777; show 
eVH, 780-78(1; shower of Hie llielhlii, 
1872,1880,740; nhfuvev of tho JaTonhln, 
IH/lll, 1800-07,781; swurnm and rhm**, 
7811; HWarniH, speelal ( 7 baraelerlhlli’H, 
7811; theory of Huuirn's rings, till; 
theory of tho Hiiii'a heal, ;i5;t-:inn; 
tlienry of mm hjioIh, 800, 

Motcorites, or uranohtliH, or aerohie.s, 
755-7(11); eliemleal ehmieiilM In Hiein. 
700; enmb 701; fall of, 750; uJih h 
Imvn fallen. In llio Uiilleil HlaLi's, 75IP, 
iron. Hut of, 758; immber of, 700; ppie'-- 
tloii of ihoir origin, 707J their paths, 
7 o:i, ‘ 

Motouio eyelo, tho, 21B, 
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Mi I, SUN, d«t«LniiiuuUm oC iho vcloc- I 
3i^r|,t, ii2n, noli , tjtiH, um 
'WIiciomotor, tilo 7 (5}i| Sh7 
Mioroaaopo, the ttjuling, (►! 

Mitlnlghb ‘in», Iho, J<>1, 

Milky Wny^ oi jL(n)aYy, 

Mlman, IKq hiimj ino'it satolUtc of hAtiun, 
bJ J Ult'l fi<U(* 

Wtlnoi. i>litni'ts, oi astoioKh, 5 'LMj 01 
Mlxa, OiitUioii Uoli, ttU) 

8-10 

Mohamiuodan < niondiu, 2Vi 

MoN( It, tho muHvhnghlnLSS of buiiuy 

Htnirt, 

Monocontrlo oyt.-]>ltor> foi loltscopo, 
Moon, tho, iH'i iitniosphoLO,®- 

'Jort, tho, ns a clock, JliO^ 

ilfaUuuo of, o-tc 1 210, hoi boat and I 
tonipcudftUG, 2()0, 201, hoi light as 
lompuitd wMh sunlight, 2G9, iudu- 
4>n<os on tlio oaith, 2()2, mass of, tlc- 
loiinliiod, 2 m, *Mi, hoi motion {np 
paioni), 22H, hoi motion lolatlvo to 
Uin HUii, 2 It , hci mmiutains, moasiue- 
jnmil of Uwii tilevation, 270, lioi oibit 
ulih jnfmonco to tho earth, 238, hoi 
piUiilhix diMoi mined, 230, poitiuha- 
lluJifi, lioi lotatlon and hbia^ 

lions* 218-2^11} Im phases, 253, hci 
HUifiu'O elmiadoi*, 2t) 1-270, culmina** 
ttnus fin lom^itudo, 120, A 
Month, tho anomalistic, 107, note, tho 
nOilhsil, mle , tlio sidoioal, 220, 
2U, Lln> ayntidic, 220, 232, lougtli of, 

I m i utaHiul by poi tin hatlon , 453 , sllglit- 
iy slwnlonoil by tho sDciilai accoloia 
Uon, m , ^ ^ 

Kotion^ dlie<5fc and lotiogiado, of tho 
planutH, 4tH, of tho tmlar system in 
, iu lino of sight, effect 
on spoctruu-i, 321, ofstais in lino of 
slight, ohsorved, 802 

Motions, piopoi, of thostaiH, 800-803 
Moniitalna, lumu ► their height, ^0 
Mountain method of detox mining tho 
oiu til's donsliy, 104. 

Multiple fiiais, 332 
Ku^al cliolo* tho, 70. 


tfadiV* tho, dotlnGd, 0, point of meridian 
(Uclo, (IT. 

NTamofl of the constellations, 792 , of Jtii)- 
Itot's HutollUo^, 621, of satoimcB ol 
MB.V9, 600, o( the phinetB. 487, 489, 
ot antuin’B 8atolHte8,643,«o<8,‘ ol the 
BaloimoH ot Uitawi8.«W, ot8tav3,704. 


Neap tide dofined, 4f>3 
Nebula, the gieat, in Andromeda, 880, 
the aninihi, in lyia, 8S8, of Orion, 
tho, 8«0, 892, 893 

Nebulaa, tho, 889-897, changes in, 892, 
tiieii (list aiiLC, 899, Loekyer’snioteDTic 
tiioory, 891, thoii uatuio, bV)4, their 
iiumboi mul distilhutioii, 893, photo- 
giaphs of, 893, plancUiy, 8S8, spual, 
888, then specua, and chemhal tk*- 
ments in them, 8%, 891 
Nebular hypothesis, tho, W-916, modu 
iicatlons of tho oilgiual theory, 91J^ 
911 

Negative oyo pieces foi the telescope, 44 , 
shadow of tlio moon, 381, stai magni- 
tudes, 821 

Neptune, tho plauot, C63-ti9l , anomalous 
lotiogiado i elation, in i elation to tho 
uebulai hypotheslB, 914, appoiranco 
of 8UU and solai systom from U, 958, 
(actual) dibcovei y by Gallo, G54, theo 
lotical digcovoiy by Leveirier and 
Adams, G53, 9S4, its discovoiv "no 
ac( Idout," 053 , tho computed elements 
oiionoous,C66, its satellite, (361, spec- 
tium of, ObO 

Nru i oMB, S , conclusions as to suns age 
and dm atlon, 35b, 359 1 ohser\ ationa on 
moteois, 77b, on the moon's secular 
accoloiation, 461, on the stiuctiiro oi 
tho lioavons, 900, Ins value of the so- 
lai paralla’c, 6C7, velocity of liglit, 
225, nofe. 908, 690 

Ni \\10N, Prof H A , daily number of 
motoora, 771 , investigation of meteono 
Dibits, 797, 785, tiicoiy of tho consti- 
tution of a comet, 737 
NuuiON, Sill 18 discovery ot gravi- 
tation, 161, 419, ’lorlflcation of the 
idea of gia^itation by means ol the 
moon’s motion, 419, 420, dlSco^^ly 
that planolaxy orbits must be conics, 
421, computation of a cometary orbit, 
700, liis lefltctlng telesrope, 48 
Nitrogen, suspected in the nebulro, 890 
Node of an orbit defined, 233, 606 
Nodea of moon’s orbit, their regression, 
455, of the planetary orbits, their mo- 
tion 627 

Nodical month, tho, 2*49, S97, ?io<e. 
Noudbnskiolb, meteoiio ashes, 775 
Nucleus of a comet, 713, 716 

Number of eclipses in a year, 391, m a 
Buros, 398, of meteors and meteorites, 
769, 769, 771 , and designation of van 
able stars, 862 

Nutation of the earth axis, 214, 216. 
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U. 

OboroiLj thunutitr hiiu<llU(M»( tInuuiH, 0r»{). 

Objoot'glOflB, nolirtuniiib^ 41; rortliUuO ov 
Hp(!i?truin (»r» d‘i; iIohI^ikuI 
lov ph(it4)^raj>liy, 42. 

01)latonoBfl,or«illi>Ucll.y (►r iiHpliorolcl. 

Oblique hj > 11010 , iho, ICb 

Obliquity of llio oolliiUo dolbnnl uml 
munHureil, 1711; nC Uu> oollj>( K Hooular 
olmiiRo of, 11)7. 

OcoultEitiou, olrnlo of Lior])ot(iub 'X\\ of 
Btain, inni; of HtiirH uhocl for longltiido 
(loU)rmliiation,120(J; of hIiifh iirovln^ 
ubRonoo of luiiiir aMiiospbiiro, 2n(l. 

Oi.UKua, (llHcovora TuIIiih ami Yosla, nui). 

Olmstkt), 1)., hlH rosoiirolum on inoloorH, 
THT). 

OrroTiZHH, offcot of luotuorH on llio 
iuoon*H motion, 77H; nrbUof Toiu|)i)1’k 
O omot, 78G; moilon of AVInnoi‘lc<i*H 
Comofc, 711, )io/c. 

Orbit of tho oiirll), Hh form (lolonitlnod, 
182; of tlio canb, oiTmit of nioloorrt 
Upon It, 778; of Ujo ourlli, iHirlnrlm- 
iloim, 11)7; of Din moon, 2.’)S; of Hio 
moon, llH jMuiiirbiUlonH, 'lillHdl; of a 
))1 allot, ilotonninoil griqdilenlly, 428, 
■lai, 4112; pliinotiiry, Uh ol onion t h, WJTj- 
bJd; planotiiry, Uh oloimmlH, doionnl- 
imLioii of, Rll). 

Orbits of binary hIiii-h, H7II; of ootnotH, 
700-7011; of pbinolH, rlliiKnuii, 480; of 
Him amlHtiirfibi IboHlollur Hynioiii, 1)01. 

Origin of liomotH, 7^18-741; of nioLoorlloH 
or iiorollioH, 707. 

Orthogonal (loiiipomint of ilm tUHlnrbliig 
force, 440, 400. 

Pallas, (llHcovorod by Olbora, Olid. 

Patjha, (liHuovororof Hlxty..fU'o aHtorolilH, 
00 . 7 . 

Parabola, llio, doKorlboil an it t-onlo, <122, 
428. 

Parabolio (joniotw, Uuilr iiuuibor, 702; vo- 
I wily, tlio, 421). 

Parallax (diurnal), doll nod and dlHonHsud, 
82, 88; of tbo inoim, doLonnliioil, yili); 
of tbo Hun, ohiHHlfbuaioii of nionuHlH, 
(kW); of IboHun.gravUiiUoiial nmtIiodH, 
087-G80; of tbo win, Iilnlory of liiVOH- 
tlgnLloiiB, 0(l(K(HW; of t)io Hnii,inol.hod 
of AriHtaroliiiH, 070; of tbo Miu, nmlli. 
od of IIlpparclniB, 071; of tbo nun by 

obaorvntlonHon Mam, 078, 070; of Iho 
Bun by traiifitta of VnnuH, 078, (Wfi; of 
tlio Biin by tbo voroolty of llp;ht, 000-. 
002; of tho sun, Ptoloiny*B vnluo, 


071; Ilf Dm Hliirn (minniil), 4 ; nf 
(I <liililaiirl, 1 1rnilorm*]!, 800, 810; i.if 
01 (lyo"^ HOO'Hll; nf a l.yni., 

noKalivo, pond, 8nii; atollur, abjiidui^' 
nudboil.KlO; hOdluv, d llfori<iilial ntmlh 
od, Sll; HinUar, labin of, Ap|M'iid|>, 
TnblolV. 

ParallaoUo limijuallty of Dm nmou 0‘<v: 

orbit of unliir, 80 h, 

Parallel H|dmro, tbo, :i2. 

ParallolB of ili’idiiiullon, 28. 

Pi'iini'i';, Jb, boat finm inoh'ipifk, ii'in; .01 
Dm niim (tf odiiKilH, Vlb; tiu’oi-y ol 
Him h|miIh, llild. 

Poiuluhim, t'niii|ir]iHaMMii, Al ; opm' lo 
olimkM, bO; iiwd In dnlin'inliiiiii; fmoi 
ofllmnirlb, irr.i Ui.^j; frtu', of bbiurnnh, 
Hbmvlnu (’OI'Di'h rolatinn, b'tt) 111, 
Penumbra of Dm oarllpn hIiikIow, 
of llui iiioon'H Mlindow, of U hum 
H p<d , M. 

Perigee mid aiiogmi iIoHiiimI, 288. 
Porlliolia of muindd, Dodr 01*4 ribm I..11 
7(H1. 

PorlhoUon of omlli'o Oildt ibdlm d, 0^ ♦ . 
IlH iimllon, 11)1); o|i' Min'i'iny'iMivliit, h . 
nio(l(in,0t)2. 

Period, idilonMil mid oyiindli', of I Im 

22i)-2:i2; Hldmriil and ivVinidld. i*f ji 

pliUiH, dolliiiMl, 'MKI; Hldi'ival, of u 

pliinet, tlidernilui’d, M8, 814. 

PorlodlQ doTimlH, 70:1, 701, 7:18-740; ubb' 
of iionmln of hIiovI pri lod, Ajuiondi^, 
Taltin III. 

Poriodlolty of mm h|miIo, imv lull), 

Poruoi, /), or AI)^ol, niu. 

PoraoUln, Dm, iiu'lmii In ii\v/ii|il, 7^4), V 

7.8:1, 

PoriiQiial l•(]nlaton, j 14, 1211 a, PJI H, 

Porturbaliouib Immr, 4 18 - lOl; pi 

021*7128; of Mara and Vimn^ by ilir 
oarDi UH dnlnniilnlli;' Ibn rnut'n 
iDliix, t|81). 

I’K/t’KitH, D, H, I‘\, dlni'ovijra 
imUiroldn, 01)11. 

l’iAy,/f, iUm'iivory of I'oroH, HI);!. 

I'liTAiiD, nutimiiriujf oui Di'Hdlaiimh'i', llwh 
PicKnniNd, K, C., bill iimi ldiun jtliotonu 
ler, 828; iilmloanniliy of niidliir i.p.^ 
lru,8lH;, 802; jpbiiloiindrln nlinorvullo));? 
of the oidlpHini of Jii|dlerin Hutidllh 
0d0{ Die Harvard jiliolmimlry, 82V, 
Phoiios of Mormiry, Vinniii, niol Mohr. 

f107^ n82; 0/ Ibo moon, 

Phoboa, tim Inimr hnlidlUit of Muni, rm*. 
Photographfl of iim itmnn, 272; of il.o 
nnbnlin, 81):i; f>f iho Holar roronii, b'J.l; 
of tlio huii'h hurfuoo aiwl HjmtH, 2HSK 
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riiotogrftphio t>l)jiicH}luBses, 42; obscr- 
vat iiMiH <11 ooUpaca of Jupltoi'’H fliitel- 
liloM, mul nuta; ohsorvations of 
li'jnihll; (iC Y<mun, (itU-OHO. 

rUotography an a n»«anH o£ photoniotiy, 
HoJuv, Urtit; motion 

111 ilno Ilf 802; appUtnl to Rtai’- 

olitirling, 708; In clotornuimtionof pfol- 
iiLL’ panillax, 812; of stollav Bpcctra, 

Miotomotor, llio inorliUau,828; polarlzar^ 
(Ion, 827; tlio woilgo, 820. 

rhotomotry, Harvard, tlio, 827, 828; liy 
imnins *►£ pUotography, 820; by tho 
Hponti’<N»itopo, 881; of BUiillgJit, 8:>2-' 
\m\ Hlolluv, 82 Min, 

Photo aphoi'o of tho huu, its iiatuuo, 201, 
2'.»2, :«il, 

Photo-taohymotrioal dotorminatiou of 
iku> Hnn*H imrallux, (liJO-iWy, 

Phyoloal oluvractoHnlics of comoLs, 712; 
iiinlhnil nf dolormining sun’s parallax, 
8'.KHth)2. 

Plnneb, intni-^lorouvial, 802-(i0(); trails- 
N<ipiiiiilaii, (H)2. 

X^liinotH lUtimdlng oovluin stars, 88o, 881; 
lUntaiiiuiH and poriods, 480; omnnor- 
aUul, dHii, '187; rolutlvo ago, according 
Ui nobulav hypothesis, 918, 015; orbits, 
clUignuu of, 189; orbits, olomonts of, 

51 ) 5 , nio. 

Plano told. Hco Asteroid, 591. 

Plimotavy data, tables of, Appendix, 
Table) I. ; data, acimrnoy of, 0();i; nob- 
ubn, «8«5 syslom, facts siiggesUng tho 
Ihmvy of Its origin, DOT ; system, Sir 
,b HorsolmVs ilhistratloh of Its dimou- 


Proceasion of tho equinoxes, 205-212, 

Prime Yorlical dofined, 19; vertical in- 
Btrumont, 02, 108. 

Priming and lagging of tiio tides, 470. 

Pritchaud, PiioF, C-, determination of 
stellar parallax by means of pliotog- 
rnpliy, 812; stellar photometry, 820; 
Uranomotvla Oxonlensis, 820, 

PiiiTCiiETT, 0, AV., discovery of tho great 
rod spot on Jupiter, (U8. 

Problem of tlirco bodies, 437-401; of two 
bodies, 424-433, 

Problems illustrating Kepler's third law, 
413. 

PnocTOii, P. A., on tho origin of comets, 
741; clotorminatioii of tho rotation 
period of Mars, 684, 

ProjeotUes, deviation caused by earth’s 
rotation, 143; tlioir path near tho eavtii, 
435, 

Projeotilo force, careless use of tho term, 
401. 

Prominences, or x>rotiiboraiiccs, tho so- 
lar, 291, 323-328, 3G3; qiiiescont and 
eruptive, 323, 326, 

Proper motions of tbo stars, 800, 803, 

Proximity of a star, indications of it, 813, 

Ptolemaio system, tiie, 600, 502. 

PTOTiJCM Y, Ins almagest, 600, 700, 795. 

Pyrheliometer of Pouillct, 340. 

a- 

Quantity of tho solar radiation in csdo* 
ries, 338-310; of sunlight in candle 
jjower, 332, 333. 

Quiescent prominences, 326. 


hIoiih, {UVl. 

PlolndoB, Iho, 884. 

Punsurr, his aimoluto scalo of siar-magnl- 
tudiH, 810. 

Polo nC liin oarth, 28 ; (colestial). doflnod, 
l-l; Its altltudo equal -to tiio latltudo, 
;«>, 100 ; \iH placo nlfootcd by prcccs- 
rtSon, 200 , 207 . 

Polo-«lar, anoient, ft Draconis, 207 ; its 
pi wl tin 11 and recognition, ' 15 . 

Polar dlslnuco, doliHcd,23; point oi me- 


rlillaii id vein, (W. 

Pottlblon-nngle of a double star, 808, 

PoHltlon nt » hoavonly body, how dotor- 
iitliioil, 12H, 120. 

Foaltlvo ciyfl*pli!0(w lor tolosooi>oB,4a. 
I’ljiTinrAtr/ his pyrlioUomotor, 5V10. 
Towoi', inagtilfylHg, of toloMopc, 37. 
I'oYNTinn, dntormlnation of the onrtu s 

flonalty, 170. . a a n 

Prootloal fvfltronomy doflned, a 


IC. 

Badial compound of the disturbing force, 
446. 

Badian, the, doflned as angular unit, 6, 
note. 

Badiant, tho, in metoorio sbowors, 780. 

Badius of curvature of amoridian, 149. 

RAHYAitD, peculiar theory of tho ropul- 
slvo force operative in comets' tails. 
733. 

Bate of a clock dofined, 53. 

Beading microscope, the, 64. 

Recognition of elliptic comets, difficul- 
ties, 701, 

Bed spot of Jupiter, the, 618, 

Baduotion of moan star places to appar- 
ent and vice versa ^ 797. 

Reflecting telescope, various fovmSj47, 4«; 
toloscopea, largo Instruments, 48. 
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Hefraotlon, ntmoaphorlc, lis law, 80, DO; 
tletermluatloa of Its nuioiiiil, m, DC; 
ctTect of tonnicraturo and barouictrlu 
pressnro, D1 ; effect upon form and sko 
of discs of sun and moon near the liorl- 
7.011,03; oJTuct \\\m\ timo of sunrise 
and Bunyet, 02. 

Kefruoting^ telescope (simple), 30; tolo- 
srope, achromatic, 41, 

Keftaotora and reflectors compared, 40. 

liEicii, detovmhmtlon of the density of 
Ujfl eiirtli, ICO; oxporfmouLs upon fall- 
ing bodies, 13S. 

Relative motion, law of, 402; skos of tho 
planels, diagram, MO. 

Repnhlve force acting on comets. 728, 
731, 732, 731, 

Retardatloa o( carth’8 rotation by the 
fidca, 4dl, 48,’f. 

Reticle used in telescope for pointing, 40. 

Retrograde revolution of tho Batollltos 
of irramiB and Xoptnno, 05*2, 00 1, D14. 

Beversing laj’urof tiio solar atmosphere, 
21H, 31D, 320, 3U2. 

Revereal of the spectrum, 314. 

Rhea, the fifth satollUo of Saturn, tl43 
note, ‘ 

Rigidity of the earth, 171, 482. 

Right ascension defined, 2f5, 27; ascension 
detenu fiKKl by trunsit instrument, 50 
128, 120; sphere, ihc, 31. 

Kings of Bnturu, 037-G42. 

Kosse, Lono, observations of lunar heat, 
2C0,2(U; hla great telescope, 48; spiral 
nehniro, 8S.9. 

Rotation, dfafiugnlahed from I'cvolutlau, 
248, 248*; of the earth, affected by the 
tides, 4(11, 483; of tbo earth, proofs of, 
138-143; of planets, how dclonniued, 
period of Jupiter, 015; period of 
Mars, 581 ; period o f the moon, 248, 2B2 * 
i>etIod of Saturn, 035; of the aun, 281, 
2M; period of Venus, 570; periods, eea 
ako Appendix, Table I. 


S, 

Saroi, the. 3(tf-308; uuTubor of ecllijgos In 
a .saros, ^ 

ot Mars. 

riT ^ ’'i ‘^1; oi Sbihi-u, 

013, UU; 0l Uramia. (KKMiSO; general 
table of, Appendix, Table II. 
ateUite orbits, geiierallj drenlar, 548. 
oauim. the planet, (W2-(94. 
8cIiehalUen,dotcrminatioii of the earth's 
mass, 164. 


►SciiiArAuKiiLT, coiineetldji botwooit com- 
ets and inotoors, 78(1; his map of Mars, 
588. 

ScjiuuTKii, the rotiiilon of Mormiry, 551); 
tho roUU lon of Venus, 570. 

SonWAUK, dlHcoYory of the jmrlod lolly of 
sun 8)K)ls, 307. 

Bcintillation of the stars, 864. 

Sea, ship's pliieoiit, 10:1, T>0 U, TJl A, 

m. 

SeaaonB, tho, explaliiLsl, llM), 1D2, 103; 
dlffercnco Uotwocii iiOL'lliont and 
Boiitherii liomlsjjheres, lOi, 105. 

SiicoiiT, thcoilos of ftun 303, 305; 

observatlony oh stellar Hpootra, 850, 
8.'i7. 

Skidki., his photomoteiv 827. * 

Seoular aceoloratloii of tlio moon’s mean, 
motion, 450-101; ohungosiii Uio earth's 
orbit, 100-200; j)orturbatloh8 in the 
planetary Byetoin, 525-521). 

Semi- diameter, angmentatlou of the 
moon’s, 88; correction for, hi sextant 
obsorvallons, 88. 

Semi-major axis of a planet's orbit, do- 
fiuod ami dlsciwHod, 505, 500; axis of 
the piaiiots' orbits, Invariable, 520; 
axis as dopendlngoii planot's volocity. 
428-130. 

Separating ixiwor of a teloscoiic, Dawes, 

Bequenoes, method of. In atollav plmtom- 
etry, 824. 

Sextant, the, described, 70; tlio, iwcd to 
dotonnlno latitude, 103; tho, iiswl In 
fliiding R ship's place at aoa, lOii, 110, 
125, 120; the, need in dotornilnlng 
time, 116,110. 

Shadow of iho earth, its dim ojjslon.v, 307; 
of the moon, 370, 880; of the moon. Its 
velocity over the oarth, 384, 

"Sheath” of tho comet of 1883, 752. 

Ship’s place at son, dotormhiatlon of, 103 

120 B, 33i A, 124-m 

Shoo^g atOTB, 770, 787; mdios of, 775; 
brightness of, 773; comparutlvo num- 
bers In morning and oven lug 772 j daily 

of"?™” °f. 7T4j mnw 

o(.77C, nmtDHal3of,TO; ,mO)o/,774' 
showora o(, 780-780; spootm of, 778- 
volooUy of, 774. ' 

Shortperiod comets. 703; cpu.ota, titblo 
of, Appendix, Table Ilf, ^ 

Showora, meteoric, 780-780. 

month, 220 : 

firao, 20, 110; year, Its longlh, 210, 
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BLgllfl of llio 177 

BLiiglQ»altitiulo< inulhdd of (loiiHiniiilug 
liioiil tinn , 1 1(» 

HiiUm iiMd ItH (oinimtilon, HTH, It^ light 
I \s illi Iho huii'm, tU, 812,815, 

IH »u\ss, 8T7, 

Bley lUstftuoi' of, (i 

BUtlOim HinH liom'oiio, 11 lo, 8h(>~8C>-4 
Boliu * oiistiLiil, iho, Lcliims.SlO, 

IM, P7, U'h 1^)8, oclii^SDS, 

{[wU iivUty, i<»H, (mgmo of Ei lesson 
Mini Miimhul, 115, oyo places, 280, 287, 
pruJiUns., HiH) Parallax of tlio Bun, 
H\rtloin, ngo tif, 022, timo, appaiont 
iuul iiioai), (lojlnc<i> 111, 112 
aolwUoo ilollnul, 1711 

H, ilovl^s tilo JiiHan cakmlai, 

Bpootra i>f oomols, 721-720, of inoteois, 
775 , ot nolnihu, 800, 8M1 , of htais, 855- 

81 i^ 

SpooUoaoopo, pilinlplos of 5ls ronatme- 
l\on, MU U l> Uo\v ll ahous I he solai 
jtimmhHUu os 521 , slilloHS, HCiO- 8()2 
BpooUoaooplo inortsinoinontof motlonain 

Bpootrum of iSuH'luoinosphoio amlpioin- 
liiMmu^-ii U\o eoimui, 120 aolu 

(phoLoHpiiino), Hohu, oompaieil 
\vHU Uun, 'U5, ot Him apols, 121, 
unsilynU, fumliimonUil piiimlplos, 31*1, 
HlioU»inoi\y, 8U 

Sphoxo, llio t olostial, ooiitopiloiH of it, 4, 
llih oblhjuio, 5i, tlio pftmllol, 52, tho 
ilgla, 51 

flnhoioa, alii art Ion of, 102 
BpUoioiil, loiicHiilftl, lts 0 imonslons,lir), 
Appniiilfx, irngoClff 

BphOiionl iibiuiatlon of a Ions I'^i av 
lioiiniiiy, ilohnoil, 5, aholl, ils attiac 
Uoti, IBih 

Bpidor lliiort in a xotlolo, 40 
Boring' llilo elollnrO,Dtr , 105 
fiinuiautt tllwrof aiais in Uio tolt 
Sbaljmty o£ Uio planolaiy nysloin, 530- 
5 V\ 

Standard nml local tlnio, J 22 
3 taro, hiuiuy, boo :BlnaTy Btara , cauaes 
of llio iMlloxmeo in ihoii hilghtiioss, 
out, ruloH of, H'O, (laik, ilesfg- 
iHUloni^ Wirt namoi, 7 ')i, iholT ital 
<HivmoiTiM, «W, rtWUlbiUloi. of, 890 , 
.UmiMo, hoo Dottbla Stars, g.i«l«at 
(rtuiiiUi'S ill tiioll Hglit, 8.50, lieat Iiom 
tiKim, RH-i , llfil't oompaioci wltli smi 

IlKhl, Oftt, 832, 80R, magnitudes of, 
Hl(l“BS2; missing. ^*1^1 natme, as he- 
Ini' Mins, 789, number of, 700, pat" 


tftiiuuu , IIJG to aitiLkbt and nut to payts j 

allax and distance, 80S-S14, plioiug- 
lajihy of, 708, photometiic cjb'itrv i 
tions of, 82*1^31, piopti motions of, 
800-803, pioximlh of, its iiidiuitums, 
813, soen hy day uitli lek scope, W, 
shooting, see Shooting Stars , ti iniMj^ 
laiy, 842-81t3, tilph and iniiltipk, 
882, tu inkling of, oi suntillatiou, Sfit 
vaiiaihle, see Variable Stars 
Star-atlases, 793 
Star-catalogues, 703 
Star-charts, 703 
Star-clusters, 883, 884 
Star- gauges, 809 
Star-motions, 70M03 
Star-places, how aftected h\ aherrUion, 
etc, 220, then dcteiimuation, 7‘N), 
mean and appaieiit, 707 
Statical theoiy of the tides, 4 (i 0 
Station 01 101 a, 158 

Stellar spectia, 855, 85<», clahsifitatlon 
of, 857,858, photogiaphy of, S5<)-'M>ii, 
systoiJi, the hypothetical, 00 WK)4 
Stonp, E J, attempted obsenation o! 
BtoUai heat, 811 

Strips, cGutitU, in comets* tails, 7^ 
Structure of the heavens, 000-904 
&TUTIVP, VON, F G W , on distribution of 
Btais, 800 

SrRUvP, VON, Ludwig, investigation of 
snn 3 motion in space, 8(K> 

STiiuvm, VON, Otto, Satiun^s liiigs, 037, 
642 

SuMNriK, CafT , his method of ^determin- 
ing a sliip^s place at boa, 125, liO 
Sun, tho, 273-3t>4, ago Mul duration of, 
359^ 022 , appa'-c'it annual motion of, 
172,173, attiaction on tho taitli, its 
intGUfilty, 4'iO, candle poivei of suu- 
hfflit, 332, 333 , chemmal elementb in 
it, 315-31T, diameter, surface, and 
volume, 276, 277, dist uicfl and par- 
allax, 274, 276, 665-601, gravity at its 
am face, 280, heat emission, 3hS-->7, 
light, 3BJ-336, mass and iknsui, 
2^ 270, its motion in bpato, 8O4-^0<j , 
pliydical constitution, 360-3i>4, US tern 
poiatiu 6, 349-151, the cential, WfT 
Sun spots, thou del elopmeut and ch mg- 
os 207, 298, distubution on siin*s biir- 
face, 301, gonci il dcsciiption, 203, 
294, influmico on teirestrlal 
tlons, 309,310, periodicity of, 307-300, 
then spectrum, 321, theories as to 
thoir cause and natuio, 302-306 
, Sun’s way, apex of, 801j80G 

Sunrise and Bunset affected by refrac- 
. tion, 92 



INDEX. 


650 

[All rcfown«., ..Dies. eM.r....ly .l.lDd lo U.e e.n.ln.ry, ..... 1.. ..n.l ...,1 1.. 


Superior pliinet> motions of, 41K1. 

Surface errors lii louses and niirrorfl, 40; 
of tlio moon, 2(V1"270. 

Swarms, meteoric, 

SwKDENUoRQ, a pvoposQr of tlio nol)iilar 
hypothosia, 1108. 

System, plmiotary, /nota suggo-stliij; a 
llioory of its origin, 007; nnniork'nl 
data, A-ppcndlx, Tablo I.; .stellar, 001- 

m. 

Synodic mouth, or rovoiutlon, of moon, 
220-231; period, general donnltion of, 
400. 

Syzygy> defined, 230. 

T, 

TableB, AppoiuKv. Greek alphabet, page 
027 ; miscellnneons ayinbola, iwgo 527 ; 
diinonsions of the cartli, iMigo 527 ; 
tljno coiiBtmd.'j, page 528; Tablo L, 
olemciUs of solar syatom, page 52il; 
Tablo 11., satollilos of the aystom, 
pages 530, 531; Tablo Ill.^short-porlod 
cometH, i)ngo 532; Tablo IV., par- 
nllaxoa of stars, pngo 533; Tablo V., 
orbits of binary Blara, pngo 534; 
Table VI., tho variable stars, pago 
535. 

Tables , in bodtj o/ t/ie book. Tho constol- 
latloii&i 702; approximate distances 
and periods of tho planets, 481); dls- 
tunco of sun corresponding to corta In 

. vahiea of the parallax, (108; distribu- 
tion of Btai“3 uith roforonco to tho 
galaxy, 809; Iron inotoora soon to fall, 
758 ; naked-eyo stars north of colentlal 
equator, 818 ; orbits and mnsaos of cer- 
tain binary staw, 877 ; parallaxes of 
flrstrmagni tilde stars, Elkin, 815; prop- 
er motions of certalu .stai“ 9 , 800 ; signs 
oC tho zodiac, 177 ; toloscopio aportiiro 
required to show stars of given inag- 
nltudo, 822; temporary stars, 842; to- 
tal light from stars of dllToront mag- 
nitude, 833; velocity of freo wavo at 
various doptlis, 473. 

Tails or trains of comets, 713, 717, 728- 
730. 

Talcott, Capt., his zenith toleaco|Mj, 105. 

Tangential component of tho disturbing 
force, 447. 

Telegraph used In determination of lon- 
gltnde, 121 Tl. 

Telescope ,*tbe, achrotnatlo, 41; distinct- 
ness of Image, 30 ; equatorial, 72 ; oyo- 
piecea, 44 ; tbe general theory, 86 ; In- 
vention of, 86; light-gathering power, 


3H; Jong, of ITuyghoii«, 40; iniigjil Ty- 
ing power, 37; obJoct-gliiSH, viirloiH 
forms, 41, 42; reileeUn^^, viirloiiH fonii.H, 
47,48; rofniclliig, slmplo, iHl; ndniloii 
of lUs nporluro lo llio “ uingiill.iulo 
of the smallest star visible with It, 
822; flopanillng or <Uvldlng power, -13. 

Tolospcctrofloopo, ill 3. 

Temporaturo.oiuisoof tho a on mil oliimge, 
11)2, 103; of the nuxni, 201 ; (d tho Him, 
;wi)-;i5i, 

Temporary Hlars, 842-Hin. 

''Terminator,’’ tho, on the moon's siir- 
fuen, Its form, 25il, 

Tethya, Uio third siitolllln <ir Malnrii, tl-Lil, 
no^c. 

TiroMSKN of (loponlnigoii, llio inoelmiiloul 
cqiiivalmit of light, 770, 

Thomson, 8nt W., on tho loinpnraUiro of 
inotcoi'S, 705 ; vlgldllyof IhoourMi, 17 J, 
482. 

Three bodlos, tho probloin of, -lil?, 4!iH. 

Tidal ovoluLloti, 48i, DIO; rrhOlon, idVool 
on tlin oartli's rcdallon, 401, 4811; 
wave, lls origin and ooln'H(^, 470, 

Tides, Ihn, definition of t^Tiiis reliiLliig lo 
lliom,40:i; priinlnguml liigghigid, 47(1; 
statical theory of, 40U; wave ilniory 
of, 472. 

Tlde-raialng fonu», lln^, 401-107. 

Timo, deilnod as an hoiir-iuigie, Kfi); IIh 
dotonnlnatlon by Uio Hoxlunt, 115, 1 [0; 
Its dotonniimtlon by tlm Iriiimit Sii- 
striimont, 113; eqnalinn of, exjdiLlnml 
and dismissed, 201-201; shlnrenl, do- 
lined, 20, itO; solar, iippanml , ill; 
sol ut, mean, 112; Him u I an I and loctil, 
122. 

Tihsi 611 Anj> on tmeullarlthm of siilolllto 
orbits, 548. 

Titan, tho slxlb and gnmt Hatollllo of 
Hatnrn, 043. 

Titaniuj tho third sutollUo of DruiuiH, 050. 

Todd, IMidf. J). 1’., soaieh for trail s-Nop- 
tail Ian planui, 002. 

Torsion balaiion, (lotoriiiliiallon of tho 
earth's doiislty, 105. 

Trade winds, proving rotation f>r (lio 
earth, IJii 

Trains of moteors, 700, 77iC 

Transits of moon aeroHs iiKirldinn, 1 lio 
Interval between them, 2.’!!i; of Min'- 
oury, 5(11, 5(12 ; of Voiins, law oT roriir- 
reneo, 575-577 ; of Vmum, nsed for ilo- 
termination of solar imrallax, (17H-0Hfl. 

Transit clrolo, see Meridian drole, 0.3; 
Instrument, 50-0 1 1 Instniinent uflcd 
in dotorniiiilng time, 113, 
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(AW roforonooa, miiIobb oxpioealy statea to Uio contiary, nio to find not to pages J 


Traufl-Noptniuan pliuiot, liyiiotlietlcal, 

in 

TruuHi^avonoy of Hpatu iis affected by 
77il 

Tilplo auil niiiUiplo btaiH, 882 

Tiopicii^ dolhii‘tl» J70 

Ti epical ycju, iu denmiloii aiut Its 

TwllighU, Ihuiiy and dmatloii of,fl(>, 07» 

I to 

Twlnicllng, ov aeinllllatlon, nf tlio Btai*!* 
H\)\ 

Two bndlns, pKiliUim ofi<l*21-dU 

^1 % t no iSitAitr diMcoviMK the lunai \aiia 
UcMi, 157, obsei\atioii4 of comet ont)77, 
70t), ti icpcnaiy nlai in C’nsaiopola, 84^, 
IiIh plane! riiy system, 501 

XT. 

XTmbiilol) the bcetmd Haiellit'O of Uranus, 
uno 

Uillb of Hicdlai distances, tbo lisht-yoai, 
Hll 

Ui anolitb Stui Meteorite 

Uianomotila Nova: Aigolandoi, 817, 
( tsonioiiBln, H2(l 

Uiaiiun and Keptuno, thoii nnomalmiB 
uiialion in iidation to the nebiilai 
hvpnlln His, m-l, tbo planet, 016-052 

Utility of aslvonomy, 2 


Vertical, anglo of tho, I'm, circles do^ 
flued, 12 

VoQPri, his clnssihcatlon of st( IWr Bpec* 
tia, 868 , alar motions iu Imo of sit?ht, 
802, 8(>1 

Vulcan, liypoUtetlcal mtui-Mtn inml 
planet^ GO 1, iM 

W. 

Waste of solar energy, W 
Water aliaeuco of, on tlie moon J'>h, 
pxcseucoof. In atmosphoic of plantts, 
600, 671, 6Hn 

^^A^soN, J C, dHco^el3 ami oiitlows 
t^\enty-t^^o n'^teiouls, 501, (,in 
Wave-lengtb of a i ly of bglit aftci trd b> 
motion iu the line of \lsnin — Dop 
plot’s piinciplo, 321, vote 
I Wave-theory of the tldci, 472 
I Weather moon’s mfluenet on it, 202 
Wedge photomotei, the, S2(i 
Weight, loss of, In ceil equator and 
polo, l’)2-I“)6, and dlsliuetlou 

between them, 16^, ICO 
WiMisa, dcteiminatloii of the earth’s 
donsUv, IG7 

WiNNECKi 's comet, aCLclei itioii of, Til 
Woir, ptiiodkUy of the sun spots, 
Worms, fmninU foi the tast^Naid doMi- 
tiou of a falling bodj 1"8 


Van 1)1 11 KoiiK'h tliooiom, 48*4 
Vaiilttblwg’ point of a systoni of paiallel 
Uni'S, 7 

VmiaMc Holmlm, 880 , 

Vnr ial>lo stars, 8 lR-851 clftssiflcation of, 
<‘xidaiiatitm of thoii vaiiatlon, 
Hiil'-mL, ineUmdsof ohsmvntion, 864, 
Ihulr uuinhoi and cleslgnatloiii 862} 
ihuli imigoof vaiintioii, 863 
Vaiiatlon. iho hmai , 457 
Yoga, or T.yim, its light compaicd with 
llio sunM, ilH, B12, 836, its apeotuun, 

Voloolby of ah ciuionts at high elevations, 
77,}, 7ioic, meal, lino ai and angulaii 
Itisv of, 407-100, of oaith Inhei oiblt, 
226, nol^y 378, of light, 225, noiCt 
(6K)“G02, of tUo moon’s shadow, 384, 
paiabolio, or volodty fiom 
420 ; of planet at any point fu itsoiWt, 
4 U , ofstollai motions, 8m. 

Vonufi, Iho planet, 608-4177, hci utmos- 
nhciio and its offeot upon ohsoivatfons 

l,t a tiai,sll.081i ‘■'“‘‘'XK 
dotoimino solar paiallax, 6T8-458U 


Year, bissextile, or kap, 210, beginning 
of, 222, of confusion, 2in, echpst, .ni, 
sldcieal, tioplcal, and anoni'iii‘'tK, 
210, also \ppfiKlix, page 628 of light, 
iniit of stellar distance 8U 


Zenith, the astroiiomii al and geottnine, 
8 

Zenith distance defined, 21, ttk'^topc, 
foi detGimin'ition of latitude, 106 
Zenker, theory of a conut’s cousUtU'’ 

tioii, 733 I 1 ri- n 

Zero points of l meildnn circle, Co, 07 
Zodiac, the, and itb signs, 177 , signs of 
as affected b\ plecc■^sion, 208 
Zodiacal light, the, GOT , GOS 
Zui^i^ER, albedo of the plnnctB, 658, 
672, 68h G14, kVl, WS M also Appen- 
dix, page 620, bis photometer, 8-1 , on 
the Vepiilslve fotec acting upon comets, 
782 
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The Method of Least Squares. 

With Niihiiiltal hMUiiples tjf 1 s Vppllcution lly Gioiiop G Com 
Siuc'K, Ihofossoi of \HtiouomY In tlio Gnivorsity ol NYistonsiu, unU 
Dnevuu of llio Washlmui Obsoivatoiy hvo Glotli viil t 08 pagus 
Mulling pilco, OT), foi intioiluctbii, 00 

’rtoik contains a piesenlation of the methods of lioaiing 
oliseived iiumeiicnl data \\lncli aio in use among asti oiionu i s, 
physicists, and engineois Tb has been >MiLtQu lov the student, 
and piosupposca only sucli inalhomatical altainmonts as aie usually 
possessed by llioso ^vho have complotod llio ftisfe two yoais of the 
cuiucubim of any of om bettei schools of science oi engineeung 


Peirce's Elements of Logarithms. 
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JIATHICMATICS. 


Elements of the Integral Galculus, 

Second Edition, ravlsod iind oulumml, Hy AV. K. JIvkiUiY, Erof<*sHor of 
Mathematics in Harvurd Uni vornlty. rtvo. xvl ‘i- ilH.'i Mulling 

price, §2.15 i for Introduclloii, §2,00. 

npHIS work contftina, in ntldltinn to tho HuhJnoLsH iiHiuilly Li'oiitoil 
in ft toxt-book on tho Jiitcgml CalonluH, an iiiLnuliuitloii \.o 
Elliptic Integrals and Ellipbio EiiiiotionB; llio KIojiuhiIh of ilin 
Tlieoiy of Fiuiotionsi a Key to Llio Solution of DiflowniMal Equa' 
tiona ; and a Table of Intograla. 

The aubjeofc of Dolinito Intogralfl la much inoro fully troiibnl 
tlmii in the earlier edition, and in addition to tho mw iiuitier, 
mentioned above, a obaptor has boon iiiBcrted on Lino, HinTimi*, 
and Space Integrals. Tho Key Ims boon onlargocl and iiii[n'ovod, 
Rud tli0 Table of Integrals, formerly j)ubliali(ul anpavainly, has 
been much enlarged, and la now bound with tho CalonhiH. 


John E. Olark, Prof, of Mathe- 
matics, Sh^j^eUl Scienii/ic School of 
Yale University : Tho additions to 
the prosonb edition BOem to mo moat 
jndlclouB and to greatly enhance its 
value ior the purposes of imlvoralLy 
instruction, for whloh in aevoral Im- 
portant respects it seems to mo hotter 
adapted than any other Amorloan 
toxt-buok on tho Aubjoot. 

■W. 0. EBty, Prof, of Matkemdlics, 
Amherst College, Amherst, Mass.: 
ItB value Jb greatly inoreased by tJio 


additloiiB. It ]Q a ilnu liiinHliielio]] 
to Uio topics on wliioli it triJiUK. it 
nmy well take ilH pluuo bo.side llm 
troatlsos of Toilhiniltn' mid Wllllmn- 
Boii, AH one of thn liCHt (d IijukU 
hooks for AludontB mid iniicliurH oC 
tho highor mathomniiofl. 

Wm. J, Vaughn, Prof, of Mathr^ 
matics, VunderblU Uniiwruiig : it is 
ploABliig to BOO tho milhor avoiding, 
and ill Homo cuhok iniiving out of 
flight, tho old ruts long hIuco worn 
smooth by our toftohing bailors. 


A Short Table of Integrals. 

Revised and Enlarged Edition. To Rccoiiipany Bvevhfs Inlv.imd Cal- 
culus, By p 0. Phiroh, Professor of JEathemntlcH, 1 fiirvnnl UnivTfrsily, 
32 pages. Mailing price, 16 cents. Bound also with llm Union his. 

Byerly’s Sullabl. 

MnthomnHas In Ilnrvartl UiilvoMlty, 
ERoh, 8 orl2,wig69,Woent6. llieBorloaluoliicleii,— l>liijioTrlBoiiO)iiulry, 
Plane Analyilcal Geometry, Plane Analytio Geometry 
Uoi/rsa), Aimlytlcal Geometry of Threo Dlmousions, Modoni MoHioiIb 
in Analytic Geometry, tho Theory of Equations. 
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Directional Calculus. 


By K W , IHofe^aoi of Malhomatics hi tlio UiilvoisUy of Chicln 
imti «vo Cloth i 247 paijos, ^\lth bUiilclcavcs toi notes Pxico 
by maU, ^21G, foi intioiUiction, ^^200 

^JpilIS woik follows, lu Iho mam, Uio methods ol Giassnuiuii'i 
u'iii9('fe/inwn//<i/eA?e, but deals only with space oi two ami llneo 
dimensions* The Hist two cliapteis which give the ihooiy and 
fundamental ideas and fnocesses of his method, will enable students 
to nmstoi the lomaimng oliaiiteis, containing applications to Plane 
and Holul (ieomotiy and IMochamca, oi to lead (liaasmamiN oi iginal 
woiks A veiy elemental y knowledge of Tngononietiy, the Diflei- 
ontial Calculus and Deteiminauts, will bo suflicienias apiopaiation 
loi loading this book 


Danlol Oarhart, Pi of of ^futhe^ 
maikst Univei situ of Penn- 

sutvnma I am pleased to note the 
fluccoss which has attoiulod Piofcssoi 


Hyde’s offoits to bilng into inoio 
popnlai foim n hianch of mathemat- 
ics which Is at onto so abln oviated lu 
foim and so compiohonslvo hnesulls 


Elements of ihe Differential and Integral Calculus. 


With K\ainplos and Apnlieatlons By J M Tayioii, Professoi of 
Mathematics hi Colgate UnlvoisHy Hvo Cloth 24M pages Mailing 
pilco, 5^1 Oft, toi hmoduetlon, 


T“ aim of this tieatiso is to piesent simply and concisely tlie 
fundamental piobloms of the Calculus, thou solution, and nioie 
oouimon npphoations 

Many theoioms aie pioved both by the method of lates and tlmt 
of hunts, and thus each is made to ihiow light upon the olhoi 
The ohaptci on diffoiontiation is followed by one on diiect inlegin 
tion and its moio innioitant applications lliiougliout the woik 
theio aie miinoious piactical piobleins in Geomotiy and Meohanics, 
nhich soive to oxlnhit the xiowei and use ot the science, and to 
excite and keep alive tho iiitoi esl of the student In Febi iiai y, 1 801, 
TayloPs Calculus was found to bo m use in about sixty colleges 


The Nation, I^ew Toil In the 
flist piano, it is ovldontly a most 
carefully written book Wo aio 
acquainted with no tOKtrhook of tho 
Calouhia which compi esses so much 
mattei into so few pages, and at tlio 
same time loa^os tho impiession that 


all that is necessary has boon said. 
In the second place, tho niimbei of 
oarcfullY selected examples, both of 
those woikcd out in full in UUistia- 
tlon of tho text, and of those loft for 
tho student to woik out fox himsolfi 
is oxliaoidlimi j 
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iMA’l'IIIOMA'I'ICH. 


Elementally Co-onliiuito 

UV W 11 . HMI'I'M, rrnfi'HHi'V (if Muill., Kllltn I'tilvi'iiillv. 

ofolli.' JliaiHiK'M. (Miillliiit IVli’ii. «Mli; fi.vlnlriHliii'l 1(111, W.IXI. 


f > J*. 


W ITTMC in Urn nUidy tii Aimlylln ‘'IiIhm' n( 

I(no\Ylndf^(i or millnm of mind \my Im noii|*Jil. Ili** lido-i 
jbjoflt alono lum JuKiify planiiiK >1' in a (Mn rluulinM, \v\ dm 

iubjnafc may lio ho ]mrHnnd iih Uj 1mi fd nu oilm-utioiml valm*, 

iVlovn oalflulution, or tlin mdudoh of )inilifoinii hy ii4v*l>i ub' 

Is a vory inCtU'ior rl|snl|tliiin of nuisini, I'4Vim ^I'oiin'liy In Mm 
boat (liHalpliiiH. Tn all lliliililng, l.hn md ijilllnnlly Jirs in fol'iuijv; 
doar noUonH of ihliiKH. in lliis nil llm hl^Imr fimnllirn jjin 

brouglit into play. It is Uiis fin'nmtlon of fouro]il.s, llirp*fovi', dmt 
is tlio (mmiUal part of inoninl tralulng. And it In In Him wldi lids 
Itloa that tlio prowmb iroatlHo Ims Iniini nomjiosml. l*nifi-inioin i-f 
mabliomatics spnak of U as tlin nmHt i‘Klniu«Uvo work on do' nub- 
Joot yot iHHucd in Anmrlnii; ami In iiollogi's wlmn* an f'lmior 
book la rofpdrad for Urn rngiilav oourws tills will bn foiiml nf ipvat 
valwo for postrgradnaio Hliidy, 


Wiii> G, Pook, /'n>/* 0 / Muthv^ inlralily arrimKrd, U U nn i*xrf'll<'iii 
and uisironomt/, Oolumhlu boiik, uurl ikn nallmr Jh nutlili'd la 
Colleya: Ilmvo rami Dr* Hml ill's do- Mm liiiiiiks of nvory i>f nuiPbm 
ontlimto Gnoinalry from liraluabip; iiinllool Holmmo fur Mils vjiliiiiMi' 
m oMd with unfinp^aina ialnrasl, ps ! Irllmiloii lo lls lIlimiitn'M, { shiii) 
woU aompaaUsl i^ugaHroiiliiiii nil Im- rri*oiiimmii1 |in ^ 

nionso amouai of inntiort iinml ml- knoU lii our arinhuiio I'mirNiN 

Elements of the Tlieon/ nf the N mvtonkin PoUm- 

ihi Fimotion, 

n. 0, I'Kiaoa, rrnfasHor fif Minlimiiui1r*s iiml Plivslni, In diu viiin 
Uiilvorslly. Hvo. dUSh. IM puj^as, Malllii); iirlrK/j^Pilo ; for IoIim- 
diioMoo, « i ^ f 

Q^IllS book wuH writ Um Cnr dm iisn f>r MlttolrimM IbipiiMMas ami 
stiidonU of MatlminiiLloul iMiysioH louiiuiso lln*nMviiM in l‘ji>dl‘>|i 
up inathomatioal IroaLmmitof dm 'rinuiry of Urn Nnwluhlan Dohoi« 
tiai FiinoCfon in Hufllolonlly hlinpla form. iL glvrsJis In-lidlv os Ja 
oousistont >vfth cloanicHB so inimhori tliiil; llmory ns io m'i'drd In*, 
foro tlio study of Htandard works on Dliynlro ran b(» liikon ti[i wldi 
ftdvHnfcagOi In tho Roonnd odltion a brlof liraiiimtil nf dunlin 
kbiemflfcicfl and a largo nuiulmr of probloiiiH Imvo luaiii aiMnl, 
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Agademh Trigonometry : Piano and Sphoncai 

Tiy 1 M Kr aksm'.k, PUB (Yalo), Piofossoi of MithonmtUs h\ 
Moines Uoilop^o, Iowa llimo Olotln 3a pages, Mailing piico, 30 
cents, Xoi iiiUoiUiction, 25 conlfl 

^piIB Plane and Sphoneal poitions mo axiangod on opponito pages 
The memoiy is aided by analogies, and it is bolievod tliat the 
enhio subject can be mastciod in less time than is usually given to 
1 lane Tiigoiiomctiy alone, as the woik contains but 20 pages of text 
The Plano poitiou is compact, and complete in itsolt. 


Examples of Differential Equations. 

By Gp-ouqi a Osuoh'mi , Piofessoi of l^ratliomatics in the Massaohu 
Hotts InHlituto of loeiiuology, llostoii 12int> Ololh, \il i CO pagosc 
Mailing Piko, 00 emits, foi lutiodiiLtion, DO cents 


A 


SERIES of ncaily thieo bundled examples with answoiS; sys- 
tematie ally ail anged and gioupod undci the diffoiont cases, 


and acconipaiHcd by comise lulcs fm Iho soluhon of each caso 


Selden J Oolflu, latdy Pint o/j Ph appoin luco is most timely, and it 
MaiiionaliiSt L(fjiii/eit6 fJoUvye suppliea a uuuilfost want 


Determinants. 

The liiooiv of Dotmmfnmits an Kloinentary 'i'loaUse By PauIj II 
Hawus, B ti , icconlly Piofossoi of MathomaiUus in the Univoialtv of 
Coloiado, now Assistant Piofossm, llmvaul Unlvoislly 8vo Clotln 
Yiil + 217 pages Mailing pili c, 1^1 00 , lot IntioducUon, 80 

rjpiirs book IS xMitUm espeLiuli^ foi iboso who have had no pio- 
vions knowlodgo of Lhu suijjocfc, and is Ihoiofoio adapted to 
Bolf-inatuictiou as well us to tlio needs of Iho classroom. The 
subject IS at Hist piosonted in a veiy aiiuple nmiinoi As iho 

loadci advances, less and loss attention is given to dolails. 
Tliioughout the entno woik it is the constant aim to aiouso 
and enhvon the icadei’s intciesi, by fiist showing how tlie vaiions 
concepts have aiisen natiiiall>, and by giving such applicatioiiB aa 
can be piesonted without excoednig the limits of the tieatise 

Wniiain Gt, Peek, laic Piof q/ T W Wright, o/ 
4)fai/wma(ics, Columbia C'oWef/c, Onion Untv , f^thenuUnhf^ jy Y * 
jy 1 A hasty glance ( oni incLS mo ^IIs admnrhiy x vacancy in out 
tint u is an Impi 01 emujt on Ainu nimhomaih s) lllmuimo, ami is a 

voiy wolcojiio mhlitioJi iiideccl 




DO 


MATHEMATIOB. 


A nali)tiG Geometry. 

By A. S. Habbt, Pb JD., Profoflsot ol MathenmiicH in l^attmouth Colloga. 

md hnihoT ot Ehmcnta of Quaternions. 8vo. Glotb. xIvh- 2JJ9 paguH. 

MEUling Price* for introduction, ftljlO. 

^ptllS work is designed for fcho atudout, nob for fcho IcuoIkm'. 

Paiiioular attention has beoii given tx) tlioHO fund anion tal oon- 
cepbions and processes wliioh, in the author’s ox^iorionco, have bocni 
found to be sonraea of difRcnlty to tlio atudoiit in acquiring a grasp 
of the subject as a method of research, Tbo limits of tho ■\vorlc av(5 
fixed by tbo time usually devoted to Analytic Geometry in our 
college courses by those 'who are not to make a spooial study in 
mathematlos. It is hoped that it will prove to be a Uxt-hooh 'which 
the teacher ^Ylll wish to use in bis classu-oom, rather than a book oj 
reference to be placed on his study fiheif. 


Oren Boob, ProfcBior o/Mathemai- 
a-8, IlamlUon CoUeffo: It mcota qaUo 
fully my uoLlon of a text for our 
classes. I have hesitated Bomowhut 
about introducing a generalized dls- 
onaslon of the conlo In required work. 
I have, however, rend Ur. Hardy’s 
dlscnsalon carefully twice; nnd it 
seems to mo that a student wlio onn 
get tho subjeot at all can got that. 
It Is iny proflout purpose to use the 
work noit year, 

John E. Olork. Fro/emr of Mathc- 
inaticBj Sheffield Scfentlfio jS’cAoof of 
Yale College : I need not hoaitato to 
Buy, after even a cursory examina- 
tion, that it seemB to mo a very at- 
ttaotlvo hook, as I anticipated It 


would be. It ImH evidently boon pro- 
pnrwl with roal Insiglit alike Into Uio 
nnturo of tlio Bubjoct and tlio dlflicul- 
tloB of boglnnora, and a very liiought- 
ful regard to' both; and I think its 
aims nud oimmctoristlo foaLuros wiil 
meet wUb high approval, While 
I lending tho fitudout to tho UHiial uRO- 
fnl roBults, tho author happily takes 
' especial pains to a<!qualnt him with 
tim clia motor and spirit of amilytioal 
methods, and, an fur ns pniidlcalilo, Ln 
help lilm aequlro skill In using Ihoin. 

John K. Erenoli, Dean of Vollago 
of Liberal Arte, SgraemRe Univer- 
Biig: It is a vory oxcollont work, 
nnd well adapted to uso In tho rcoh 
tatloii room, ' 


Elements of Quaternions. 

By A. S. Haudy, Pb.D,, Professor of MatliomRiica, Dartmouth Oollogo. 
Second editton, revised. Crown 8vo, Cloth, vUl + 2,14 pacos, Mallino 
Price, ®2.15; Introduction, 82.00. 

^HE chief aim has been to moot tho wants of boglnnora in tlio 
clnas-room, and it is believed that this work will bo found 
Bupetior in fitness for beginuora in practloal compasR, in explaiia- 
tiouB and applications, and in adaptation to thomothods of instvuo 
tlon common in this country. 



WATIU'-JIATICS. 
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Elements of the Calculus. 

By A H Hahdy, Tiofo'isoi oJt Mathomaticj in Dartmouth College avo 

Cloth \i * 11.11) iHigOH By mail, 60, foi iut»od notion, SI 60 

lovtbook 13 basGcl upon tlie mothocl of latos The object 
of tJio Diflciontial Calculus is the iiieasuieineui and compauson 
oE iiiU’s of clningo when the change is not iiuitoiin AYhethei a 
qii.ititUy is 01 IS not cliaugnig iinifoiiuly, howevei, ils late at nu\ 
instant IS {leieitninocl ossontially in the same maimoi, vu by let- 
ting il change at the lato it had at the instant in question and 
oliHOiviiig ^vilat Ibis clmiigo la. It is tins change '\\Iiich the Cal- 
(ailus (’» allies us to doteimine, houevoi complicated the kiv of 
vai nil I on may ho. Piom tho authoi’s eYiieiienco in piesenting the 
(hib ulus to bog in HOIS, the method of latos gives the student a inoie 
inUdhgont, that is, a less mechanical, giasp of tho pioblems ^vitlim 
ils hfsiim Ilian any olhci Ko compaiison hna been made between 
(bin imdhod «ind those of hunts and oX infiiiilosimals Tins laiger 
vnnv of the Call ulus is foi apooud m ad\<uicecl atudciik, foi which 
tins woih IS not inloiuh'd, the apace and time which 'svould be 
leciiniod by smh gonnal companson being devoted to the apphea 
tumn of tho inclbod adoidod 

I *tu I T > 1 lilloioutial Calculus, occupies 100 pages Pai 1 11 , Tide 
gull Calculus, 70 pages. 


G^aoigo B Koniman, fovmoilv 

/hn/ Miiilmn uad Iluir 

}/<s8 CoUoito I am glad to obsoivo 
Unit riofasBoi Ibudy Juis adopted 
Urn mc^iUiul oC latoa in Ills now Calcii- 
hm, It loglisd ftud InleUigont luotliod, 
whfoh avoids ooitaiu dlfllcuHlos lu 
solved in Urn UHwal mcUwKW 

J B Colt, 2hof Of Malhemalica, ^ 
llostuft buwnnlff It plonsos mo 
vciv mucli Tho tioatmoiit oX tho 
Xtrst piliiolplos of Caloulufl by tho 
inothoil of latos is omlnontly oloai 
Its use no\L yoai is finite piobablo 

Ellon HayOB, Prof of Mathomat- 
icst Wrllosley GoUer/e I ha\o found 


It a ploasuio to examine the bool 
It must commend itself m iiiai^ 
lospocts to toaoliois of Calculus 

W. B MoDamel, Pro/ of i\l(Uhe 
mal^LS^ Westciti Mainland Coller/e 
llaidy's Calculus and Analytic Gt 
omotiy aro certainly far bettei books 
foi tho college class-room th«in any 
otheia I know of. Tho feature ol 
both books is tho directness with 
i^lilcli tho aulliop gets right at the 
I voiy fact that ho intends to convey 
to tho student, and tho foico oi his 
piesontatlon of tho iact is gieatly 
aiigmontod by the excellent ai range 
mont of type and other features of 
the mechanical make up 



NATUUAI- SOIKNCK 
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young's General Astronomy, 

A Toxt-book for Ckillogcs and TBohiilonl 9ohO(jlfl. by GiuniiKH A. Yoiiwn 
Pli.D., LL.D., ProfoHSor of Astronomy In tlitj College of Now Jowoy, ainl 
author of T/io 5ini, oto. 8vo, vlll -f Wil lInU-iiioi'ooi‘ 0 . IHuh- 

brated with ovor2BO cuts and dlagmina, am] suppltjinontxjii with tho inio- 
OBsary Uiblea. Price by mail, ?2JM); for Introductloiii $2 2!). 

"JN ftinounb, tho woi'lc han "been adjiistod an chiHoly uh iu)SHil)la lu 
tho provailiug couvwoh of Rtiuly in our (jollogus. Wy oJiilitliif; 
tho ft ho print, a brioloi* coiuho niny bo avraiig(}(h 
TJig einiiionco of Prof oaHor Young aa an originul iiiV4‘NLigaioi 
in aBbronoiiiy, a leotuvor and witcr on fclm Biibj(uil, and iiii 
liratrucfcov of college olasaes, and liis HcnipulouK cai’Q In prt^fniring 
this volume, led the public Iioi'h to piHJHenfc tho wovlc with llin 
higliCBt confidence; aiul tliiy conftdencn Iiuh Ik'oii fully juHillh'.il 
by the ovenb, More than one Imndrcd colleges ndopli’d Mm wtira 
>vithin a year from ita publication, and ib is (miicejlcd in bo tlio 
beat aatrononiical text-book of its grade to bo hmnd aiiywlior(t, 

Edw, 0, Plckorlng, 0 / As- B. P. Langley, Mcc. SodfUsnnltui 
trommy^ JIawetrti University: \ Inst. ^ WushhiyUm, fh(-, : I knvw \u\ 
tlilnk thlB work tho bent oC itHkliul, bettor Ixtok (net l(> say as gonil u 
and admirably adapted to Its pur- one) for Us purpose, on tho hub Joel, 
pose. 

An Introduotion to Spherioal and Praotioal As- 

ironomy. 

By Daboosi Gheki^e, Professor of Mutliomiilios and AHtroiioniy |ii lljo 
Rensselaer Poly tecliiilo InsUtu to, Troy, N.Y, Hvo. (ftolli, JlhmLniloil, 
Ylii + 158 pagoB, Mailing price, jliiO ; for InttiKluollon, $im 

fJiHE book is intended for olaas-room iiso and affordn huoIi a prop- 
aration as the student nooda before onterlng upon tho Htn(ly 
of the larger and in ore elaborate works on ihla siibjoob. 

Tlie appendix contains an eleiuontary exposithni oC Mki uioUkiiI 
of least squares. 

Danlal Oorhorb, Act. . Math- Rodney G. Kimball, PolyitwIinUi 
emailcs, M^estern Unh. qf Pa., Alle- InslituiUj JhintA'lyu, M.W; Thu 
fffieny. Pa.: Professor Qreono liaB Imsty oxaniiiiallou whliili I liiivn 
anpplled that which lBnccdo(Ho make given It hns left 11 very favoraliln 
tho usual eonrae In Afltronomy 111 our iniproHsion im In Its iiuu'IIm uh u 
eolfogea more practical. judlclouH (^(nnlM)lllld nf iho priudlcul 

work whli'h It iirofoHHvH to tmver. 


